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The study of cell-cell communication has attracted considerable 
research interest because this process has been implicated in many important 
aspects of cellular functions, including cell growth and development. This 
kind of communication is made possible by the existence of hydrophilic gap 
junctions between adjacent cells. The gap junctions connect the cytosol of 
neighboring cells, enabling them to exchange information in the form of ions 
and small molecules less than 1 kiloDalton in size. These intercellular 
junctions are composed of protein subunits called connexins. Different cells 
express different connexins and therefore, gap junctions can comprise of 
identical or diverse connexins. 
Hepatic stellate cells (HSCs) play a significant role during the 
pathogenesis of liver fibrosis because they contribute greatly to the 
accumulation of extracellular matrix proteins. HSCs can establish a concerted 
response by communicating to each other through functional gap junctions 
made up of connexin 43 (Cx43) proteins. Other researchers have shown that 
Cx43 in the HSCs can be regulated by several pro-inflammatory cytokines and 
other molecules. 
In this work, we showed that exogenous recombinant human TGF-1 
(rhTGF-1), a pro-fibrotic stimulus, suppressed Cx43 mRNA and protein 
expression in a rat HSC cell line and in vitro activated primary rat HSCs. 
Furthermore, rhTGF-1 increased the phosphorylation of Cx43 at serine 368. 
These effects led to a decrease in the gap junction intercellular communication 
between the HSCs, as shown by gap-FRAP analysis. We also observed the 
 VI 
binding of Snai1, from the nuclear extract of HSCs, to a Snai1 consensus 
sequence in the Cx43 promoter. In the same context, Snai1 siRNA transfection 
induced the expression of Cx43, suggesting that TGF-1 regulates Cx43 via 
Snai1. In addition, we demonstrated that the knockdown of Cx43 by siRNA 
transfection slowed down the proliferation of HSCs. These findings shed light 
on the following: (1) TGF-1 regulates intercellular communication in the 
HSCs by affecting the expression level and the phosphorylation state of Cx43 
through Snai1 signaling; and (2) Cx43 is implicated in the TGF-1-mediated 
regulation of HSC proliferation. 
The results presented in this master thesis have been published (Lim et 
al., 2009) and the publication is attached as appendix. 
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1.1 Liver Fibrosis 
 
Liver fibrosis is the wound healing response to chronic injury of the 
liver parenchyma and by itself, is a reversible process. The causes of liver 
fibrosis are manifold, including toxins such as alcohol, drugs, autoimmune 
diseases and viruses (Hepatitis B and C) (Driessen et al., 1999; Dufour et al., 
1997; Hollinger and Lau, 2006; Ishak et al., 1995; Lee, 1995; Paradis et al., 
1996; Siegmund et al., 2005; Wong et al., 1996). Consequently, the 
progression of the fibrotic process in the liver differs, depending on the 
etiologies. It can advance fast (weeks or several months) as seen for drug-
induced injury or hepatitis C virus infection, or in most cases the process is 
slow and can take decades to develop due to the regenerative capabilities of 
the liver (Friedman, 2008a). Ultimately, liver fibrosis results in life-
threatening conditions, for example portal hypertension, liver failure and 
hepatocellular carcinoma. 
Essentially, liver fibrosis is characterized by an over-expression of 
extracellular matrix (ECM) proteins, particularly the fibrillar collagen types I 
and III, which leads to a scaring of the liver (Clement et al., 1986; Yamamoto 
et al., 1984). The cellular sources involved in this process are versatile and 
have been extended in recent years. In principle, the hepatic stellate cells 
(HSCs) are regarded as the main source of ECM proteins, although other cell 
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types like the portal fibroblasts, bone marrow-derived cells as well as 
fibroblasts derived from epithelial-mesenchymal transition (EMT) also 
contribute considerable amounts (Forbes et al., 2004; Friedman, 2008b; 
Kinnman et al., 2003; Kinnman and Housset, 2002; Ramadori and Saile, 2004; 
Wells, 2008). 
 
1.2 Hepatic Stellate Cells 
 
1.2.1 Characteristics of the Hepatic Stellate Cells and their Functions in 
Normal Liver 
 
Hepatic stellate cells also called Ito cells, fat-storing cells, vitamin A-
storing cells, hepatic pericytes or lipocytes were first described by Karl 
Wilhelm von Kupffer in 1876 (v. Kupffer, 1876). Comprising approximately 
15% of the total cell population in the liver, HSCs are located in the space of 
Disse between the hepatocytes and the endothelial cells in the liver (Fig. 1.1). 
As the name implies, HSCs are spindle- or star-shaped with elongated nuclei. 
In the normal liver, HSCs exist in a quiescent state and act as the main 
storage of vitamin A in the liver (80-90%) in the form of retinyl esters in lipid 
droplets (Hendriks et al., 1985; Hendriks et al., 1988). HSCs also express 
several retinoid-related proteins such as the cellular retinol-binding protein 
and retinol palmitate hydrolase, indicating their involvement in retinoid 
metabolism (Blaner et al., 1985). In addition, several studies have shown that 
HSCs express morphogenic proteins such as epimorphin and pleiotrophin, 
suggesting a possible function(s) of HSCs during liver development and 
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regeneration (Asahina et al., 2002; Yoshino et al., 2006). Probably the most 
unexpected finding is that numerous researchers have provided evidence to 
show that HSCs are professional antigen presenting cells; and there is a mutual 
regulation between the HSCs and the hepatic immune response (Maher, 2001; 
Winau et al., 2008). 
 
 
Fig.1.1. Events that occur during liver fibrosis. 
A distinctive architectural difference can be seen between a normal liver (A) 
and a fibrotic liver (B). The HSC is situated in the space of Disse between the 
hepatocytes and the endothelial cells. During liver fibrosis, lymphocytes are 
recruited to the hepatic parenchyma; some hepatocytes become apoptotic; and 
Kupffer cells become activated. The HSCs also become activated to 
myofibroblast-like cells, secreting abundant ECM proteins. The image is taken 
from (Bataller and Brenner, 2005). 
 
1.2.2 Activation of Hepatic Stellate Cells during Liver Injury 
 
During fibrogenesis, quiescent HSCs will transdifferentiate into a 
proliferative and contractile myofibroblast-like phenotype (Borkham-
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Kamphorst et al., 2007; Pinzani, 2002; Rockey, 2001; also see Friedman, 1993 
for review). This process, also referred to as the activation of HSCs, is 
initiated by many paracrine factors that are secreted by all neighboring cell 
types, including the membrane lipid degradation products of the hepatocytes; 
fibronectin from the endothelial cells; as well as cytokines and reactive 
oxidative species from the Kupffer cells, to name a few (Bilzer et al., 2006; 
Jarnagin et al., 1994; Novo et al., 2006). 
 
 
Fig.1.2. Paracrine factors and cell types involved in the activation of 
HSCs. 
Resident liver cells (red) and infiltrating inflammatory cells (green) interact 
extensively with the HSCs via the production of assorted signaling molecules. 
TGF-β is a potent fibrogenic factor that is secreted by almost all the cell types 
depicted as well as by the HSCs (represented by a yellow cell in the middle), 
giving rise to paracrine and autocrine signaling to ensure the perpetual 
activation of the HSCs. Image is taken from (Gressner et al. 2007). 
 
The HSCs activation process is sustained by both paracrine and 
autocrine signaling involving numerous cytokines (Gressner et al., 2007). 
Paracrine stimulation depends on many different cell types in the liver, for 
instance the hepatocytes, endothelial cells, platelets and Kupffer cells (Fig. 
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1.2). These cells secrete different cytokines like the transforming growth 
factor-β1 (TGF-β1), platelet-derived growth factor (PDGF), basic fibroblast 
growth factor (bFGF) and endothelial growth factor (EGF) (Friedman, 2008c). 
 
1.3 Transforming Growth Factor-β1 (TGF-β1) 
 
The TGF-β1 peptide belongs to the TGF-β superfamily of cytokines, 
which consists of three isoforms of TGF-β (TGF-β1, β2, β3), bone 
morphogenetic proteins, activins and growth differentiation factors. TGF-β 
isoforms and their receptors are produced by almost all cell types (Howe et al., 
2003). TGF-β  signaling is involved in different functions like cell cycle, 
apoptosis, angiogenesis, wound healing, immune regulation and tumor 
biology, depending on the context and cell type (Letterio and Roberts, 1998; 
Massague, 2000, 2008; Massague et al., 2000; Massague and Chen, 2000; 
Pardali and Moustakas, 2007; Rolfe et al., 2007; Serrati et al., 2009; Wan and 
Flavell, 2007). 
TGF-β1 is one of the best-studied signaling molecules with diverse 
effects on the HSCs, including regulation of collagen metabolism, contraction 
and proliferation (Hellerbrand et al., 1999; Kato et al., 2004; Kharbanda et al., 
2004; Verrecchia and Mauviel, 2007). In the context of liver fibrosis, TGF-β1 
is often regarded as a pro-fibrotic cytokine because of its effect as the most 
powerful stimulus of collagen type I production in HSCs by stimulating the 
transcription of procollagen genes (Cao et al., 2002; Ponticos et al., 2009; 
Tsukada et al., 2005). On the other hand, TGF-β1 represses collagen type I 
degradation by the down-regulation of matrix metalloproteinases (MMP) and 
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the up-regulation of tissue inhibitors of matrix metalloproteinases (TIMP) 
(Edwards et al., 1987; Knittel et al., 1999; Lechuga et al., 2004; Verrecchia 
and Mauviel, 2007). Eventually, TGF-β1 causes the net deposition of collagen 




Fig. 1.3. Involvement of TGF-β1 in collagen type I homeostasis. 
TGF-β is known to shift the equilibrium between collagen production and 
degradation in the fibrotic tissue. This is accomplished by increasing the 
production of collagen by inducing its gene expression. On the other hand, the 
degradation of collagen is regulated by suppression of the MMP expression 
and an increased availability of TIMPs. Diagram is taken from (Verrecchia 
and Mauviel, 2007). 
 
1.4 Gap Junction Protein - Connexin 43 
 
1.4.1 Family of Connexins 
 
Gap junctions are microscopic channels formed between adjacent cells 
that allow intercellular communication by means of the exchange of small 
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molecules and ions (cyclic nucleotides, inositol phosphates, Ca2+, K+). Two 




Fig. 1.4. Overview of the structure and assembly of connexins into gap 
junctions.  
The connexin protein consists of an amino acid chain containing 4 
transmembrane helices with the amino and carboxy terminus located 
intracellularly (A). Through interactions between the helices, the protein forms 
a tightly packed membrane structure (B), which assembles into a homo-
hexameric hemi-channel (connexon, C). The connexon from adjacent cells 
form a gap junction, which can exist in either an open or closed state (D). 
Picture is taken from http://en.wikipedia.org/wiki/Connexin. 
 
The connexon itself consists of an assembly of six protein subunits 
called connexins (Goodenough et al., 1996), of which more than 20 different 
connexins are known to date (Eyre et al., 2006) (Fig. 1.4). A connexon is 
denoted as homomeric or heteromeric when it is composed of identical or 
different connexins, respectively. Similarly, a gap junction channel can be 
either homotypic if it is formed by the same connexon or heterotypic when it 
is made up of two connexons with different connexin isotypes (Kumar and 
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Gilula, 1996). The constituent of the gap junction has a direct impact on its 
gating properties (Cottrell et al., 2002). 
 
Fig. 1.5. Life cycle of connexins and their interactions with other proteins. 
Connexins are synthesized by ribosomes attached to the endoplasmic 
reticulum (ER). In general, oligomerization of connexins into connexons 
occurs during the transport from the ER to the trans-Golgi network. The 
connexons are subsequently moved to the plasma membrane, where they can 
either remain as hemichannels or form functional gap junctions with 
connexons from adjacent cells. Gap junctions can be degraded by the 
lysosomes or proteosomes or recycled to the plasma membrane (dashed 
arrow). Connexins associate with many proteins including the cytoskeletal 
molecules (red), junctional proteins (blue), kinases (green) and others 
(yellow). The figure is adapted from (Dbouk et al., 2009). 
 
Connexins have a dynamic life cycle that not only results in a rapid 
turnover time of several hours (Musil et al., 2000), but also involves a great 
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number of interactions with other proteins, such as the cytoskeletal, adheren 
junction-associated and tight junction-associated proteins (Fig. 1.5). These 
interactions together with the phosphorylation and dephosphorylation events 
by different kinases and phosphatases regulate the properties of the connexins 
(Giepmans, 2004). Some of the properties affected include transport to the 
plasma membrane (Musil and Goodenough, 1991), assembly into gap 
junctions (Falk, 2000) and degradation of the connexins (Beardslee et al., 
1998). 
 
1.4.2 Connexin 43 in Hepatic Stellate Cells 
 
In the liver, hepatocytes express connexins 26 and 32 (Cx26 and 
Cx32), whereas nonparenchymal cells (endothelial cells, HSCs, oval cells, 
Kupffer cells) express connexin 43 (Cx43) (Gonzalez et al., 2002). Cx26 and 
Cx32 can form heterotypic gap junctions with each other, but not with Cx43 
(Segretain and Falk, 2004). Different liver injury models lead to a decrease in 
Cx26 and Cx32 expression (De Maio et al., 2002). In contrast, previous 
findings from Fischer and colleagues established that the expression of Cx43 
increases in activated HSCs, resulting in a corresponding enhancement in the 
gap junction intercellular communication (GJIC) between these cells (Fischer 
et al., 2005). Based on these results, the down-regulation of connexins in the 
hepatocytes could be interpreted as a self-defense mechanism to prevent the 
spreading of tissue injury, whereas the up-regulation of Cx43 in activated 
HSCs could play a role in facilitating a concerted action of this cell type 
during tissue repair (De Maio et al., 2002).  
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1.5 Zinc Finger Transcription Factor Snai1  
 
Snai1 belongs to the Snail family of zinc finger transcriptional factors, 
which down-regulates a number of genes during embryonal development, 
morphogenesis, EMT and cancer development (Barrallo-Gimeno and Nieto, 
2005; Batlle et al., 2000; Cano et al., 2000; Murray and Gridley, 2006; Nieto, 
2002). The expression of Snai1 is induced by FGF, EGF, TGF-β, parathyroid 





Fig. 1.6. The activation of Snail genes by a variety of extracellular signals. 
Genes encoding for the Snail family of proteins are regulated by many 
extracellular signals. Depicted below each extracellular mediator are the tissue 
and the cellular events in which it has been studied. The localization of the 
Snail proteins, regulated by several molecules (yellow), also affects their 
activity. AMF, autocrine motility factor; BMP, bone morphogenetic protein; 
E-cad, E-cadherin; EGF, epidermal growth factor; FGF, fibroblast growth 
factor; GSK3, glycogen synthase kinase-3; ILK, integrin-linked kinase; LIV1, 
metalloprotease, zinc transporter; MTA3, metastasis-associated protein 3; 
PAK1; p21-activated kinase; PTH(rP)R, parathyroid hormone related peptide 
receptor; SCF, stem cell factor; TGFβ, transforming growth factor β. The 
figure is taken from (Barrallo-Gimeno and Nieto, 2005). 
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The downstream targets of Snai1 are versatile and affect several 
physiological processes like proliferation, expression of epithelial and 




Fig. 1.7. Downstream targets of Snai1 genes and their association with 
different physiological processes. 
Depicted in red and green are the target genes of Snai1 and events which are 
down- and up-regulated by Snai1, respectively. BID, Bcl-interacting death 
agonist; CDK, cyclin-dependent kinase; DFF, DNA fragmentation factor; 
ERKs, extracellular signal-regulated kinases; MMPs, metalloproteinases; 
PI3K, phosphoinositide 3-kinase; p21, cyclin-dependent kinase inhibitor; p53, 
tumour suppressor; Rb, retinoblastoma; XR11, Xenopus Bcl-xL homologue. 
The figure is taken from (Barrallo-Gimeno and Nieto, 2005). 
 
1.6 Aim of this Study 
 
Intercellular communication via gap junctions is important to maintain 
tissue homeostasis by regulating several cellular events, for instance 
proliferation, apoptosis and even differentiation. Given that liver fibrosis is a 
disease whereby such normal processes are deregulated, it is conceivable that 
the GJIC in a fibrotic liver may be altered. It is therefore logical to suggest that 
under such a circumstance, the regulation of the connexins in the different 
hepatic cell types may also be affected. 
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Although some studies have been done on Cx26 and Cx32 in the 
hepatocytes and Cx43 in the Kupffer cells (Eugenin et al., 2007; Yamaoka et 
al., 2000), little is known about the connexins in HSCs. Greenwel and 
colleagues (1993) discovered that HSC cell lines derived from the liver of rats 
with cirrhosis express Cx43. This observation was confirmed by another 
study, which showed that HSCs isolated from fibrotic livers express higher 
level of Cx43 than those from normal livers (Fischer et al., 2005). Fischer and 
collaborators also showed the regulation of GJIC upon treatment with different 
regulatory molecules and cytokines. More specifically, they demonstrated that 
certain molecules like the pro-inflammatory interleukin-1β and 
lipopolysaccharide, as well as the pro-fibrogenic endothelin 1 increased the 
expression of Cx43 in the HSCs. 
Surprisingly, the experimental regime of Fischer and coworkers (2005) 
did not include TGF-β1, a powerful pro-fibrogenic stimulus of HSCs during 
liver fibrosis. Several studies have linked either TGF-β1 or Cx43 to the wound 
healing process of damaged tissue (Crowe et al., 2000; Huang et al., 2002; 
Mori et al., 2006; Qiu et al., 2003). As liver fibrosis is the outcome of a 
deregulated repair process, an examination of the consequence of TGF-β1 
treatment on Cx43 in the HSCs will provide a mechanistic understanding of 
the interplay between these participating molecules. In my thesis, I will report 
on my investigations of the effect of TGF-β1 on Cx43 expression in the HSCs 




 MATERIALS AND METHODS 
 
2.1 Cell Culture Conditions 
 
Primary HSCs were isolated from male Wistar rats according to the 
pronase and collagenase treatment method (Weiskirchen and Gressner, 2005). 
The protocol was approved by the Institutional Animal Care and Use 
Committee (IACUC) of the Biomedical Research Council of Singapore. 
Freshly isolated primary HSCs were seeded in a 25 cm2 uncoated tissue 
culture flask (Nunc). The medium was replaced after 24 hours. At this point, 
there were approximately 1-2 x 106 primary HSCs attached to the flask. The 
cells were passaged 2-3 times until use for experiments. The purity was 
assessed by vitamin A autofluorescence one day after isolation. 
The (male Wistar rat) cell line HSC-2 was derived in our lab and is 
described elsewhere (Maubach et al., 2008). All cells were cultivated in a 
humidified 37ºC incubator with 5% circulating CO2. High glucose Dulbecco’s 
modified Eagle medium (D-MEM) supplemented with 10% fetal bovine 
serum, 100 units/ml penicillin and 100 µg/ml streptomycin was used during 
cell culture. 
10X Trypsin/EDTA solution (0.5/0.2%) in (10X) phosphate-buffered 
saline (PBS) without Ca2+ and Mg2+
 
 was purchased from Biochrome 
(Germany). All other cell culture reagents were from Invitrogen (CA, USA). 
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2.2 Treatment with Recombinant Human TGF-β1 
 
Twenty four hours prior to treatment, HSCs were seeded in 75 cm2 
tissue culture flasks so that they will be 60-70% confluence the next day. For 
the experiments, recombinant human TGF-β1 (rhTGF-β1) was added at a final 
concentration of 1 ng/ml or 10 ng/ml and incubated for 2, 6, 10, 24 or            
30 hours. For the control treatment, only PBS was given to the cells. In some 
experiments, HSC-2 cells were treated with bisindolylmaleimide I (BIM I) at a 
final concentration of 5 µM for 30 min before the addition of 10 ng/ml  
rhTGF-β1.  
The rhTGF-β1 was purchased from Biovision (iDNA, Singapore). 
BIM I was bought from Merck KGaA (Darmstadt, Germany). The 
composition of 10X PBS is as follows: 160g NaCl, 4g KCl,                       
53.6g Na2HPO4.7H2O and 48g KH2PO4
2.3 Reverse Transcription and Quantitative PCR 




Total RNA was isolated from cells according to the manufacturer’s 
protocol (RNA II kit, Machery-Nagel, Germany). All reagents for reverse 
transcription and real-time PCR were from Applied Biosystems (CA, USA). 
One microgram of total RNA was reverse transcribed to cDNA in a reaction 
mixture containing 5 µl 10X buffer, 11 µl MgCl2 (stock 25 mM), 10 µl dNTPs 
mix (stock 10 mM), 2.5 µl random hexamers (stock 50 µM), 1 µl RNase 
inhibitor (stock 20U/µl), 1.25 µl reverse transcriptase (stock 50 U/µl) and 
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made up with nuclease-free water to a total reaction volume of 50 µl. The 
reverse transcription reaction conditions were 25°C for 10 min, 48°C for       
30 min and 95°C for 5 min. Real-time PCR reactions were performed using 
the Fast Real Time PCR System (Applied Biosystems). Three microlitres of 
cDNA were used in a PCR reaction mixture of 5 µl 2X Taqman Universal 
PCR master mix, 0.5 µl 20X Taqman gene expression assay mix and            
1.5 µl nuclease-free water
2.4 SDS-PAGE and Western Blot 
. 
The Taqman gene expression assay mix for target genes Cx43 and 
Snai1, as well as for the endogenous control β-actin were Rn01433957_m1, 
Rn00441533_g1 and 4352341E, respectively. The PCR conditions were 95°C 




Cells were lysed in a buffer containing 63 mM Tris-HCl (pH 6.8),    
1% sodium dodecyl sulphate (SDS) and protease/phosphatase inhibitor 
cocktail (Pierce, USA). After incubation at 95°C for 10 min and centrifugation 
at 16,000g for 10 min, the cell lysate was transferred to a clean microtube and 
ready for further use. Depending on the protein to be identified, 10-40 µg cell 
lysate was separated under reducing conditions in a 4-12% Bis-Tris SDS-
polyacrylamide gel (Invitrogen) in 1X MES running buffer until the loading 
dye reached the bottom of the gel. Proteins were transferred to nitrocellulose 
membranes using the XCell IITM Blot Module (Invitrogen) at 30 V for 1 hour. 
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The blots were blocked in blocking solution containing 5% non-fat 
milk in Tris-buffered saline-Tween buffer (TBS-T). The composition of     
10X TBS-T buffer is as follows: 24g Tris, 80g NaCl and 1% Tween 20 in     
1L water. The Cx43 (sc-9059, Santa Cruz Biotechnology, USA), 
phosphorylated Cx43 at serine 368 (pCx43 Ser368, 3511S, Cell Signaling 
Technology, USA), PCNA (Ab29, Abcam, UK) and β-actin (A2228, Sigma, 
USA) primary antibodies were applied at a dilution of 1:1000, 1:750, 1:5000 
and 1:7500, respectively in blocking solution. After three washes of 5 min 
each in TBS-T, the appropriate secondary antibody conjugated with horse 
radish peroxidase (Santa Cruz Biotechnology, USA) was added at a dilution of 
1:2000 in blocking solution. After three washes of 5 min each in TBS-T, the 
membrane was developed using ECL Plus reagents (RPN2132, GE 
Healthcare, UK). The incubation with pCx43 antibody was performed 
overnight at 4°C. All other incubations were carried out for 1 hour at room 
temperature. Semi-quantitative densitometric analysis of Western blots was 
performed using the ImageJ software (W. Rasband, NIH; 
http://rsb.info.nih.gov/ij/).  
 
2.5 Immunofluorescence Staining 
 
One day before staining, HSC-2 cells were seeded on glass cover slips 
in 24-well cell culture dish such that they will be 50-60% confluence the next 
day. The cells were fixed with 4% paraformaldehyde at room temperature for 
10 min. After three times washing of 5 min with PBS, the cells were 
permeabilized for 1 hour at 37°C with blocking solution containing           
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0.1% Triton X-100, 10% horse serum and 89.9% PBS. The primary antibody 
was pipetted directly into the blocking solution and further incubated for         
1 hour at 37°C. After three times washing of 5 min with PBS, the secondary 
antibody was added in the desired dilution in the blocking solution and 
incubated for 1 hour at 37°C. After three times washing of 5 min with PBS, 
the cover slips were transferred face-down to a microscopic slide with 4 µl 
DAPI (4'-6-Diamidino-2-phenylindole) using a clean forcep. 
The primary antibodies Cx43 (C-6219, Sigma, USA) and 
phosphorylated Cx43 at serine 368 (pCx43 Ser368, 3511S, Cell Signaling 
Technology, USA) were applied at a dilution of 1:50. The secondary 
antibodies, anti-rabbit Alexa 488 and anti-rabbit Alexa 555 (Invitrogen, USA), 
were used at a dilution of 1:200. Images were taken using the LEICA RMB-
DM epifluorescence microscope (LEICA, Germany). 
 
2.6 Analysis of Gap Junction Intercellular Communication 
 
HSC-2 cells were cultured in a 60 mm cell culture dish overnight. At 
90% cell confluence, rhTGF-β1 (final concentration 10 ng/ml) or 
carbenoxolone (final concentration 40 µM) was added and incubated for         
6 hours. For the control treatment, only PBS was given to the cells. 
Alternatively, BIM I (final concentration 5 µM) was added 30 min before the 
addition of rhTGF-β1. After a brief rinse in PBS, cells were incubated in      
D-MEM without phenol red, containing 5,6-carboxyfluorescein diacetate 
(Research Organics, USA) at a final concentration of 50 µg/ml and incubated 
in a 37°C humidified incubator for 30 min. The cells were then rinsed twice 
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with PBS and D-MEM without phenol red was added before proceeding with 
the Fluorescence Recovery After Photobleaching (FRAP) assay using the 
FRAP application included in the software package of the LEICA TCS SP2 
equipped with the DM6000 (LEICA, Germany). A 63X immersed objective 
(Leica HCX APO L U-V-I 63x/0.90 Water UV) was used. The argon laser at 
488 nm was used for excitation and the fluorescence signal was captured 
between 500 and 535 nm. The conditions were as follows: 5 pre-bleach scans 
at 10% laser power, 40 bleach scans at 100% laser power followed by 60 post-
bleach scans at 15 seconds intervals. During the bleaching period, the Zoom 
mode was used to bleach a single cell (target cell) defined in a region of 
interest (ROI). All data were corrected for photobleaching during post-bleach 
acquisition using the whole scanned area. The time constant of recovery, tau 
(τ), was estimated by fitting the corrected experimental data (OriginPro 7 SR4, 
OriginLab USA) to the following function: )1)(()( /00
τteFFFtF −∞ −−+= , 
with F(t) being the corrected fluorescence intensity and F∞
τ/1=k
 being the 
asymptotic value of the fluorescence intensity. The transfer constant (k) was 
calculated from  and normalized by dividing by the number of cells in 
contact with the target cell. The fluorescence recovery for each cell was about 
50%. 
 
2.7 Electrophoretic Mobility Shift Assay 
 
Based on the rat Cx43 gene (NW_001084790), a biotinylated double-
stranded oligonucleotide probe containing the Snai1 consensus sequence 
(underlined), 5’-TGCTCAACCCAGTCAGGTGATGCCTGAACAAA-3’, 
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was synthesized (Research Biolabs, Singapore). In the mutated double-
stranded oligonucleotide probe, the Snai1 consensus sequence was changed to 
CAGGAA
2.8 Snai1 and Connexin 43 siRNAs Transfection 
. Nuclear protein extract was obtained using the NE-PER Nuclear 
and Cytoplasmic Extraction kit (Pierce, USA). The electrophoretic mobility 
shift assay was performed using reagents from the Snai1 kit according to its 
protocol (AY1398, Panomics, USA). Briefly, 5 µg nuclear protein extract was 
incubated in a reaction mixture consisting of 1 µl poly d(I-C), 2 µl 5X binding 
buffer and nuclease-free water for 5 min before the addition of 1 µl probe 
(stock 20 nM). The total reaction volume was 10 µl. For the competition 
assay, 2 µl unlabeled probe (stock 2 µΜ) was added 5 min prior to the 
addition of the labeled probe. The reaction was incubated in a thermocycler at 
15°C for 30 min. The samples were separated in a 6% non-denaturing 
polyacrylamide gel (Invitrogen) at 120 V for 50 min in a 4˚C cold room and 
transferred onto a nylon membrane. 
The membrane was blocked in 1X blocking buffer for 15 min with 
gentle shaking. This was followed by the addition of 20 µl Streptavidin-
conjugated horse radish peroxidase enzyme and a further incubation of          
15 min. The bands were visualized by exposing the membrane to X-ray film 
after incubation with the substrate for 5 min. All incubations were carried out 
at room temperature. 
 
 
The cells were seeded on the day of transfection. 1-2 X 106 HSC-2 
cells were seeded in 100 mm cell culture dishes and incubated at 37°C. The 
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siRNA was added at a final concentration of 10 nM to 1 ml of D-MEM 
without serum, followed by 120 µl of HiPerfect transfection reagent (Qiagen, 
Germany) and incubated for 10 min. The siRNA/transfection reagent solution 
was then added drop-wise to the cells and incubated for 24 or 48 hours. As 
mock control, only HiPerfect reagent was added to the cells. All siRNAs used 
were purchased from Qiagen (Germany). The sequences were depicted in 
table 2.1. 
Table 2.1 Sequences of siRNAs used for transfection 
 
 
2.9 Cell Counting 
 
For cell counting experiments, the medium was aspirated and the cells 
were washed once with PBS and detached using trypsin/EDTA. Complete 
detachment of the cells was observed under the light microscope and D-MEM 
was added to quench the reaction. Following centrifugation at 800 rpm for      
4 min and subsequent aspiration of the solution, the cell pellet was 
resuspended in 1 ml D-MEM containing 0.05% ethylenediaminetetraacetic 
acid and ready for counting. The cells were counted using the forward scatter 




2.10 Statistical Analysis 
 
All quantitative results were presented as mean ± SD. Experimental 
data were analyzed using two-tailed Student’s t-test assuming equal variances 
and One-Way ANOVA with Scheffé’s Post-Hoc test where applicable. The 
criterion for data significance is a P-value < 0.05. The P-values presented in 






3.1 Effect of Exogenous rhTGF-β1 on Cx43 in HSCs 
 
Depending on the cell type, TGF-β1 has been shown in other studies to 
have diverse effects on Cx43 regulation. In order to examine the regulation of 
Cx43 mRNA, HSC-2 cells were stimulated with pro-fibrogenic rhTGF-β1 for 
10 hours. Real-time PCR data showed that 1 ng/ml and 10 ng/ml rhTGF-β1 
led to a 30% and 45% decrease of Cx43 transcripts, respectively in the HSC-2 
cells (Fig. 3.1). 
 
Fig. 3.1. Exogenous rhTGF-β1 suppressed Cx43 mRNA in HSCs. 
HSC-2 and 10 days in vitro activated primary HSCs (pHSCs) were treated 
with 1 ng/ml and 10 ng/ml rhTGF-β1 for 10 hours prior to Cx43 mRNA 
analysis. The mRNA expression of Cx43 was obtained by quantitative real-
time PCR and the data were analyzed as fold change relative to the control 
(PBS-treated). The data represent the mean ± SD of three independent 
experiments (* P < 0.05, ** P < 0.005). 
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Besides studying the TGF-β effects on an established HSC cell line, 
primary HSCs were also subjected to rhTGF-β1 treatment. In this case, 
primary HSCs were isolated from rat livers and cultured for 10 days in tissue 
culture flasks. Previous studies have shown that cultivation of primary HSCs 
on plastic induces the activation of these cells in vitro (Friedman et al., 1989), 
a phenotype similar to that of the HSC-2 cell line. As can be seen from   
Figure 3.1, 1 ng/ml and 10 ng/ml rhTGF-β1 caused the Cx43 mRNA to 
decrease by 8% and 10%, respectively in 10 days in vitro activated primary 
HSCs (pHSCs). 
In addition, the ability of rhTGF-β1 to induce changes of Cx43 protein 
level was investigated. The Western blot data of HSC-2 and pHSCs for Cx43 
were analyzed and quantified following rhTGF-β1 treatment. The results 
showed that 1 ng/ml and 10 ng/ml rhTGF-β1 reduced the Cx43 expression by 









Fig. 3.2. Exogenous rhTGF-β1 down-regulated Cx43 expression in HSCs. 
(A) HSC-2 cells and 10 days in vitro activated primary HSCs (pHSCs) were 
treated with 1 ng/ml and 10 ng/ml rhTGF-β1 for 24 hours before protein 
analysis. Ten micrograms total protein was applied for Cx43 analysis in 
Western blot. The β-actin expression was shown as the loading control.          
A representative blot for each cell source is shown. (B) Quantification of 
Western blots depicting Cx43 expression in HSC-2 cells and pHSCs after 
rhTGF-β1 treatment. The band intensities were estimated using the ImageJ 
software and normalized against β-actin. The graph represents the expression 
of Cx43 in the treatments relative to control. The data represent the average ± 




3.2 Effect of Exogenous rhTGF-β1 on the Phosphorylation of    
Cx43 in HSCs 
 
To determine the impact of exogenous rhTGF-β1 treatment on the 
phosphorylation of Cx43, the HSC-2 cells were subjected to rhTGF-β1 for      
6 hours. An increase in the phosphorylation of Cx43 at the serine 368 residue 
(pCx43 S368) was observed (Fig. 3.3). More specifically, there was an 
increase in the proportion of pCx43 S368 in the total (decreasing) pool of 
Cx43. The authenticity of the pCx43 band was validated by its disappearance 




Fig. 3.3. Exogenous rhTGF-β1 affected the phosphorylation of Cx43 in 
HSCs. 
HSC-2 cells were treated with 10 ng/ml rhTGF-β1 for 6 hours before the cells 
were harvested for total cell lysate. Ten and forty micrograms total protein 
was applied for the Western blot analysis of the expression of Cx43 and Cx43 
phosphorylated at the serine residue 368 (pCx43 S368), respectively.              
A representative blot is shown for one of three independent experiments. The 
expression of pCx43 S368 was normalized against Cx43 using the ImageJ 
software. The graph shows an increase in the pCx43 S368 expression in 
rhTGF-β1-treated samples in comparison to PBS-treated control. The data 
represent the average ± SD of three independent experiments (** P < 0.005). 
λ-phosphatase treatment eradicates the pCx43 S368 band, thereby confirming 
the specificity of the antibody used to detect pCx43 S368. 
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3.3 The PKC Pathway is implicated in the rhTGF-β1 Induction of 
Cx43 Phosphorylation at Serine 368 in HSCs 
 
Several studies have shown that the phosphorylation of Cx43 at serine 
368 may be mediated by protein kinase C (PKC) (Husoy et al., 2001; Solan et 
al., 2003). Consequently, experiments were performed to investigate whether 
the PKC pathway is involved in the increase of the pCx43 S368 caused by 
rhTGF-β1. Indeed, pre-treatment of the HSC-2 cells with a PKC inhibitor, 
BIM I, followed by rhTGF-β1 reduced the phosphorylation of Cx43 at serine 
368 (Fig. 3.4). 
  
 
Fig. 3.4. rhTGF-β1 induced the phosphorylation of Cx43 at serine 368 via 
the PKC pathway. 
HSC-2 cells were treated with PBS only (control), or 5 µM PKC inhibitor 
(BIM I) 30 min before treatment with 10 ng/ml rhTGF-β1, or with BIM I only. 
Ten micrograms total protein was applied for pCx43 S368 analysis in Western 
blot. β-actin serves as the protein loading control. A representative blot for one 
of two independent experiments is shown. The band intensities were estimated 
using the ImageJ software. The numbers represent the intensity of the bands 




3.4 Distribution of Cx43 and pCx43 S368 in the HSCs 
 
Earlier, Musil and Goodenough (1991) demonstrated that 
unphosphorylated Cx43 was transported to the plasma membrane, which was 
then followed by the transient phosphorylation of Cx43 and the subsequent 
assembly of functional gap junctions. Following the observation that     
rhTGF-β1 can induce the phosphorylation of Cx43 in the HSCs, the question 
arose as to whether this would affect the trafficking of Cx43 to the membrane. 
For this reason, immunofluorescence staining of Cx43 and pCx43 S368 was 
used to study the cellular distribution of the non-phosphorylated Cx43 and 
pCx43 S368 in HSC-2 cells. As expected in view of its role in forming gap 
junctions at the membrane, Cx43 was, to a great extent, distributed along the 
membrane (Fig. 3.5, top panel, arrows). On the other hand, pCx43 S368 
showed a more diffused or spotted staining in the cytoplasm with some 









Fig. 3.5. Distribution of non-phosphorylated Cx43 and pCx43 S368 in 
HSC-2 cells as visualized by immunofluorescence staining. 
HSC-2 cells on cover slips were stained with Cx43 and pCx43 S368 
antibodies for immunofluorescence studies. Cx43 was mostly localized in the 
membrane (top panel), while pCx43 S368 showed some membrane and, for 
the most part, cytosolic staining (middle panel). The bottom image showed the 
cells stained with the secondary antibody alone (control). 
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3.5 Effect of rhTGF-β1 on the Gap Junction Intercellular 
Communication between HSCs 
 
Cx43 is the major gap junction protein expressed in the HSCs and has 
been shown to form functional gap junctions (Fischer et al., 2005). The gap-
FRAP technique (Abbaci et al., 2007) was the method of choice to analyze the 
GJIC between HSCs. In order to show that this technique was properly 
executed, we illustrated that there was no spontaneous recovery of 
fluorescence in an isolated bleached cell (Fig. 3.6A, arrow), whereas a 
contacting cell recovered about 50% of its fluorescence (Fig. 3.6B, arrow). 
This result confirmed that we were indeed measuring the transfer of dye from 
unbleached cells to a bleached cell via gap junctions and not a recovery of the 
fluorescence signal in the bleached cell as such. Figure 3.6C is a representative 
graph depicting the recovery of fluorescence in a single bleached cell over    
15 minutes after normalization for laser-induced photobleaching. The red line 
illustrated the normalized experimental data given in the graph fitted to the 
function. The fitted function was used to estimate the normalized transfer rate 
(k) of the dye. 
Carbenoxolone is an established GJIC inhibitor (Doll et al., 1968). In 
our case, carbenoxolone reduced the dye transfer rate (k) to almost 50%    
(Fig. 3.6D), serving as a positive control for the reliability of the gap-FRAP 
technique to measure changes in GJIC. Consequently, the transfer rate of the 
fluorescence dye 5,6-carboxyfluorescein diacetate was found to be 
significantly lower in rhTGF-β1-treated HSCs (Fig. 3.6D), implying that GJIC 
was decreased in these cells in comparison to PBS-treated HSCs (control). 
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Furthermore, the rhTGF-β1-induced down-regulation of GJIC was attenuated 
when the cells were treated with BIM I, a PKC inhibitor, prior to the addition 









Fig. 3.6. FRAP analysis of gap junction intercellular communication in 
HSC-2 cells.  
Cells were incubated with 5,6- carboxyfluorescein diacetate in culture medium 
without phenol red for 30 minutes. After rinsing, cells were analyzed at room 
temperature. For A and B, left panel: Image of the target cell before bleaching 
(arrow); middle panel: Image of the target cell after bleaching; right panel: 
Image of the target cell after 15 minutes of fluorescence recovery.                
(A) No recovery of fluorescence in an isolated cell was observed.                 
(B) A contacting cell was examined. Recovery of fluorescence in the target 
cell was caused by the influx of dye from adjacent cells. (C) A representative 
experimental curve depicts the gradual increase in fluorescence intensity after 
bleaching of a contacting cell. The data were fitted to the recovery function to 
calculate the time constant of recovery (τ). (D) Cells were treated with 10 
ng/ml rhTGF-β1 alone, 5 µM BIM I and 10 ng/ml rhTGF-β1 or                     
40 µM carbenoxolone for 6 hours before FRAP analysis. Control refers to 
PBS-treated only. The transfer constant (k) was calculated from τ/1=k  and 
normalized by dividing by the number of cells (N) in contact with the target 







3.6 Evidence for the TGF-β1 Down-regulation of Cx43 Expression 
via Snai1 in HSCs 
 
3.6.1 Inverse Correlation between Snai1 and Cx43 Transcript and Protein 
Expression 
 
TGF-β1 is known to up-regulate the expression of Snai1, a zinc finger 
transcription factor involved in EMT (Peinado et al., 2003). Snai1, on the 
other hand, is necessary for the repression of the transcription of E-cadherin in 
epithelial tumor cells and Cx43 during EMT (Batlle et al., 2000; de Boer et 
al., 2007). Therefore, it is plausible that TGF-β1 mediates the down-regulation 
of Cx43 mRNA through Snai1 in the HSCs. Figure 3.7 showed that rhTGF-β1 
induced the Snai1 mRNA in our cell line HSC-2 and in in vitro activated 
primary HSCs, justifying the hypothesis that Snai1 may play a role in 
regulating Cx43. 
 
Fig. 3.7. Exogenous addition of rhTGF-β1 up-regulated Snai1 transcript 
in HSCs. 
HSC-2 and 10 days in vitro activated primary HSCs (pHSCs) were incubated 
with 1 ng/ml and 10 ng/ml rhTGF-β1 for 10 hours before harvesting of cells 
for total RNA isolation. The mRNA expression of Snai1 was obtained by 
quantitative real-time PCR and the data were analyzed as fold change relative 
to the control (PBS-treated). The data represent the mean ± SD of three 
independent experiments (* P < 0.05, ** P < 0.005). 
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Furthermore, we could show that there was an increase in Snai1, which 
corresponded to a decrease in Cx43, on both the transcript and protein 






Fig 3.8. Analysis of the transcript and protein levels of Cx43 and Snai1 
after rhTGF-β1 treatment. 
HSC-2 cells were treated with 10 ng/ml rhTGF-β1. (A) Cells were harvested 
after 2, 6 and 10 hours for mRNA studies. The mRNA expression of Cx43 and 
Snai1 was obtained by quantitative real-time PCR and analyzed as fold change 
relative to 0h. The mRNA data represent the mean ± SD of three independent 
experiments (* P < 0.05, ** P < 0.005 compared to 0 hour, ANOVA).          
(B) Cells were harvested after 10, 24 and 30 hours for Western blot analysis of 
protein expression. A representative blot for one of two experiments is shown. 
The band intensities of Cx43 and Snai1 were estimated using the ImageJ 
software and normalized against the respective β-actin loading control. The 
numbers represent the intensity of the bands relative to 0h. 
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In order to further support the proposition that the regulation of Cx43 
could in part be mediated by Snai1, Snai1 siRNA transfections were 
performed. A down-regulation of Snai1 mRNA by almost 50% and protein 
level by 36% and 69%, respectively were observed when the HSC-2 cells 
were transfected with two Snai1-specific siRNAs (1 and 3) (Fig. 3.9). 
Concurrently, Cx43 was up-regulated on the mRNA (31% and 43%) and 
protein (18% and 23%) levels following Snai1 siRNA 1 and 3 transfection, 




Fig. 3.9. Using Snai1 siRNAs transfection to study correlation between 
Snai1 and Cx43 expression in HSCs. 
HSC-2 cells were transfected with Snai1 siRNAs 1 or 3 for 24 hours. There 
was a decrease in Snai1 and a correlated increase in Cx43 on both the mRNA 
and protein levels. The mRNA data represent the mean ± SD of three 
independent experiments (* P < 0.005). Inset: A representative Western blot is 
shown. The band intensities of Snai1 and Cx43 were estimated using the 
ImageJ software and normalized to the β-actin loading control. The numbers 
represent the intensities of the bands relative to the mock-transfected control. 
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3.6.2 Nuclear Extracts of HSCs Bind to the Snai1 Consensus Sequence in the 
Cx43 Promoter 
 
To further assess the possibility that Snai1 has the potential to regulate 
Cx43 gene expression, electrophoretic mobility shift assay was performed 
using a biotinylated oligonucleotide probe based on the rat Cx43 promoter 
containing the Snai1 consensus sequence (CAGGTG) and nuclear extract from 
12 days in vitro activated primary HSCs. This consensus sequence is situated 
1412 bp up-stream of the transcription initiation site. The binding of Snai1 to 
its consensus sequence was visualized by a mobility shift of the 
oligonucleotide probe in a 6% polyacrylamide gel (Fig. 3.10, lane 1). This 
binding could be competed away by 200-fold excess of cold (unlabeled) probe 
(Fig. 3.10, lane 2). No signal was detected in the absence of the nuclear extract 
(Fig. 3.10, lane 3). In addition, when a mutated biotinylated probe (CAGGAA) 
was used, where there is a two base pair mutation in the Snai1 consensus 
sequence (Fig. 3.10, lane 4), the band corresponding to the complex of the 
Snai1 proteins in the nuclear extract and the oligonucleotide probe was also 
absent. Taken together, the EMSA results provide strong indication that the 
binding observed was specific between the Snai1 proteins in the nuclear 




Fig. 3.10. Binding of Snai1 to the potential Snai1 recognition sequence 
(CAGGTG
Likewise, using the nuclear extract of HSC-2 treated with 10 ng/ml 
rhTGF-β1 resulted in a more intense band (Fig. 3.11, arrow), while cells 
transfected with Snai1 siRNAs produced weaker bands (Fig. 3.11, arrows), 
) in the rat Cx43 promoter. 
EMSA was performed using 5 µg nuclear extract of 12 days in vitro activated 
primary HSCs. Lane 1: A higher molecular weight band ensuing the binding 
of Snai1 to the oligonucleotide probe was observed. Lane 2: In the 
competition reaction using 200-fold excess of unlabeled oligonucleotides, no 
shift in band was observed. Lane 3: No shift was seen in the absence of 
nuclear extract in the reaction. Lane 4: The mutated oligonucleotide probe was 
unable to bind to Snai1 in the nuclear extract. 
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further emphasizing the specificity of the binding between Snai1 and its 




Fig. 3.11. Exogenous rhTGF-β1 or Snai1 siRNAs transfection affected the 
binding of Snai1 to its consensus sequence in the rat Cx43 promoter. 
Five micrograms nuclear extract of HSC-2 treated with 10 ng/ml rhTGF-β1 
for 2 hours or transfected with Snai1 siRNAs for 24 hours were used for 
EMSA. There was an increase in the intensity of the band, corresponding to 
the Snai1-oligonucleotide complex, of the rhTGF-β1-treated HSC-2 in 
comparison to PBS-treated HSC-2 cells. On the other hand, there was a 
decrease in the intensity of the gel shift band in the Snai1 siRNAs-transfected 
cells when compared to the mock-transfected cells. The TATA binding protein 
(TBP) expression served as a loading control. 
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3.7 Regulation of HSC Proliferation 
 
3.7.1 Regulation of HSC Proliferation by rhTGF-β1 
 
TGF-β1 is known to control the proliferation of different types of cells 
(Hetzel et al., 2005; Kurokowa et al., 1987; May et al., 1988; Shen et al., 
2003). The effect of rhTGF-β1 on the proliferation of HSC-2 was evaluated 
using cell counting method and immunoblot analysis of the proliferation 
marker, proliferating cell nuclear antigen (PCNA). PCNA is a nuclear protein 
that is associated with cells in the G1 and S phases of the cell cycle and has 
been demonstrated to be a reliable marker for cell proliferation (Citterio et al., 
1992; Iatropoulos and Williams, 1996). 
Our results showed that HSC-2 cells exposed to exogenous rhTGF-β1 
had lower expression of PCNA and Cx43 (Fig. 3.12A). Furthermore, there 
was a significant reduction in the number of rhTGF-β1-treated HSC-2 cells in 
comparison to PBS-treated cells (Fig. 3.12B), suggesting that TGF-β1 inhibits 
the proliferation of HSCs. This observation is consistent with findings by 




















Fig. 3.12. rhTGF-β1 decreased the proliferation of HSC-2 cells as assessed 
by the expression of the proliferation marker PCNA and cell number. 
Cells were treated with 10 ng/ml rhTGF-β1 for 48 hours prior to analysis.   
(A) Ten micrograms total protein was applied for Cx43 and PCNA analysis in 
Western blot. A representative blot for one of three independent experiments 
is shown. The band intensities were estimated using ImageJ and normalized 
against the loading control β-actin. The data represent the average ± SD of 
three independent experiments (* P < 0.05, ** P < 0.005). (B) Cells were 
trypsinized and counted as described in Materials and Methods. The data 
represent the average ± SD of three independent experiments (* P < 0.05). 
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In addition, the TGF-β1-down regulation of cell proliferation was 
attenuated by transfection of HSC-2 cells with Snai1 siRNA (Fig. 3.13). This 







Fig. 3.13. Effect of Snai1 siRNA on rhTGF-β1-dependent regulation of 
HSC proliferation. 
HSC-2 cells were independently transfected with Snai1 siRNA 1 or 3 and                       
10 ng/ml rhTGF-β1 was added for 48 hours before cell counting and 
immunoblot analysis of PCNA. (A) Cells were detached by trypsin and 
counted as described in Materials and Methods. Data represent the mean ± SD 
of three independent experiments (* P < 0.005). (B) Ten micrograms total 
protein was applied for the study of PCNA expression. β-actin represents the 
loading control. A representative blot of two experiments is shown. The band 
intensities were normalized against β-actin. The numbers represent the 
intensities of the bands relative to the mock-transfected cells without     
rhTGF-β1 treatment. 
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3.7.2 Regulation of HSC Proliferation by Connexin 43 
 
Apart from GJIC, the relevance of Cx43 in the TGF-β1-dependent 
regulation of HSC proliferation was investigated by using Cx43 siRNA to 
attenuate the Cx43 mRNA level. The Cx43 mRNA was down-regulated by 
about 65% after transfection of Cx43-specific siRNA 1 or 5 into HSC-2, 




Fig. 3.14. Cx43 siRNAs transfection decreased the Cx43 transcript level in 
HSC-2 cells. 
Cells were independently transfected with each of two Cx43 siRNAs for       
48 hours before analysis. Cx43 mRNA expression was analyzed by 
quantitative PCR and expressed as fold change relative to the mock-
transfected cells. Data represent the mean ± SD of three independent 
experiments (* P < 0.005). 
 
Having established the efficient down-regulation of Cx43 mRNA by 
these two siRNAs, we went on to study the influence of the diminished Cx43 
mRNA level on HSC proliferation. Figure 3.15 illustrates clearly a significant 
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decline in the total number of cells after transfection with Cx43 siRNAs for 48 
hours in comparison to mock-transfected cells. 
 
 
Fig. 3.15. Cx43 siRNA transfection decreased the proliferation of HSC-2 
cells as assessed by cell number. 
Cells were independently transfected with each of two Cx43 siRNAs for 48 
hours before analysis. Cells were detached by trypsin and counted as described 
in Materials and Methods. Data represent the mean ± SD of three independent 
experiments (* P < 0.005). 
 
Similarly, Cx43 siRNAs also led to a reduction in the expression of 
Cx43 protein (Fig. 3.16, Western blot), justifying the assumption that the 
Cx43 protein could be responsible for this decline. Furthermore, there was 
lower expression of PCNA in HSC-2 cells transfected with both Cx43 siRNAs 






Fig. 3.16. Cx43 siRNA transfection decreased the proliferation of HSC-2 
cells as assessed by the expression of the proliferation marker PCNA. 
Cells were independently transfected with each of two Cx43 siRNAs for       
48 hours before analysis. Ten and one micrograms total protein was applied 
for Cx43 and PCNA analysis in Western blot, respectively. A representative 
blot is shown. The graph is a densitometric analysis of the Western blots. The 
data represent the mean ± SD of three independent experiments (* P < 0.05,  







Adjacent cells can communicate to each other by exchanging ions and 
small molecules through their gap junctions in order to maintain cellular 
homeostasis (Loewenstein, 1981). Recently, Fischer and colleagues (2005) 
provided evidence that Cx43 is the major gap junction protein expressed in the 
HSCs. In the same study, the expression of Cx43 was regulated by long term 
incubation of HSCs with several effectors, including PDGF and vitamin A, 
which play important roles in fibrogenesis. In our present study, we were keen 
to investigate the effect of TGF-β1, an important pro-fibrogenic cytokine, on 
Cx43 regulation in HSCs.  
 
4.1 rhTGF-β1 Regulation of Cx43 in Hepatic Stellate Cells 
 
Cx43 is regulated at the transcriptional and translational level (Ai et 
al., 2000; Bao et al., 2004; Kalma et al., 2004). In a HSC cell line and in       
10 days in vitro activated primary HSCs, exogenous rhTGF-β1 reduced Cx43 
transcript and protein expression (Figs. 3.1 and 3.2). In addition, there was an 
increase in the phosphorylation of Cx43 at serine 368 in the rhTGF-β1-treated 
cells (Fig. 3.3). Our results indicated that PKC was responsible for the 
phosphorylation of Cx43 at serine 368 (Fig. 3.4), which is consistent with 
earlier findings by others (Lampe et al., 2000). Phosphorylated Cx43 (Ser368) 
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proteins tend to be retained in the cytosol as reflected by its cytosolic and 
partial membrane distribution shown by immunofluorescence (Fig. 3.5), which 
also supports work by others demonstrating that phosphorylation can affect 
not only the channel gating (Lampe et al., 2000), but also the trafficking and 
assembly into connexons (Solan and Lampe, 2005). Taken together, the ability 
of TGF-β1 to regulate Cx43 in the HSCs in the short term (increase in pCx43 
at Ser368 at 6 hours) and long term (transcript and protein suppression) led 
consequently to a lowered GJIC among the rhTGF-β1-treated HSCs in 
comparison to control. It is also important to note that the suppression of the 
GJIC by rhTGF-β1 could be partially relieved by the inhibition of PKC with 
BIM I (Fig. 3.6D), an observation which highlights the significance of the 
short term regulation of Cx43 phosphorylation. 
 
4.2 From the Perspective of Liver Fibrosis - Relevance of       
rhTGF-β1-induced Down-regulation of Cx43 in HSCs 
 
Several studies have shown that TGF-β1 is up-regulated during liver 
fibrosis and induces the activation of HSCs (Hellerbrand et al., 1999; Kanzler 
et al., 1999). When we consider that the addition of exogenous rhTGF-β1 to 
the HSCs mimics the increase of TGF-β1 during liver fibrosis, our results are 
in accordance with the latest observations by De Minicis and collaborators, 
who published that in vitro and in vivo fibrosis models led consistently to a 
down-regulation of Cx43 gene expression (De Minicis et al., 2007), but 
contradictory to the report by Fischer and coworkers (2005), which showed 
that the Cx43 protein expression was up-regulated in activated primary HSCs 
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in vitro and in vivo. Worth mentioning is, although they observed an increase 
in the Cx43 protein expression during the first three days of the in vitro 
activation of primary HSCs, this was followed by a subsequent decrease to a 
level, which was nevertheless higher than in quiescent primary HSCs. The 
differences in experimental procedures could in part explain the ambiguity 
between our and Fischer and colleagues’ results. They examined Cx43 
expression during the in vitro activation of primary HSCs and in CCl4
4.3 Cell Type-Specific TGF-β1 Regulation of Cx43 
-induced 
fibrotic liver. The overall stimuli and conditions in their study will certainly be 
more complex due to the interplay between the different pathways engaged by 
various cytokines than in our case, where we looked into the effect of a single 
stimulus only, namely TGF-β1. 
 
 
In a previous work by Pimentel and colleagues (2002), exogenous 
TGF-β1 up-regulated Cx43 expression in cardiac myocytes, whereas another 
publication showed that TGF-β1 down-regulated Cx43 in detrusor smooth 
muscle cells (Neuhaus et al., 2008). In addition, Wyatt et al. demonstrated that 
TGF-β1 had no effect on Cx43 expression per se, but altered instead the 
phosphorylation status of Cx43 in osteoblast-like cells (Wyatt et al., 2001). 
These evidences, together with our observations, support the idea of a discrete 
cell-type response of Cx43 regulation by TGF-β1 and are in line with the 
general agreement that TGF-β1 is a cytokine that exerts pleiotropic effects 
upon a variety of cell types. 
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TGF-β1 and its downstream signaling pathways are involved in many 
cellular processes (Massague, 1998). Hence, depending on the cellular 
function(s) that TGF-β1 affects in that particular cell type, it seems possible 
that the regulation of Cx43 could be due to a change in that cellular function 
instead of a direct effect of TGF-β1. Moreover, different cell types could vary 
in their expression of effector proteins, like Smads and other transcription 
factors (Sp1, AP-1), which are involved in pathways triggered by TGF-β and 
this could also cause a differential regulation of Cx43. 
 
4.4 Possible Regulation of Cx43 by TGF-β1 through Snai1 
 
An earlier study has made clear that the zinc finger transcription factor 
Snai1-mediated EMT results in Cx43 repression (de Boer et al., 2007). 
Furthermore, Snai1 has been established as a downstream effector of TGF-β1 
(De Craene et al., 2005), even in mouse hepatocytes (Kaimori et al., 2007). 
Besides, Jiang and colleagues found a robust up-regulation of Snai1 in in vitro 
activated HSCs using gene expression profiling (Jiang et al., 2006). Along this 
line of reasoning, it follows that if Snai1 is involved in the TGF-β1-regulation 
of Cx43, then changes in the Snai1 gene expression will cause changes in the 
Cx43 gene expression. First, we ascertained that TGF-β1 up-regulates Snai1 in 
the HSCs using HSC-2 cells and in vitro activated primary HSCs (Fig. 3.7). 
Then, different means were used to gather evidence for a Snai1-dependent 
regulation of Cx43. Initial results showed that using Snai1 siRNAs led to a 
down-regulation of Snai1 and a simultaneous up-regulation of Cx43 (Fig. 3.9). 
We substantiated this indirect evidence of an inverse correlation between 
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Snai1 and Cx43 by demonstrating an interaction between Snai1 (from the 
nuclear extract of 12 days in vitro activated HSCs) and its consensus sequence 
derived from the rat Cx43 promoter. Our EMSA results indicated that Snai1 
can recognize specifically its binding site on the rat Cx43 promoter            
(Fig. 3.10). This binding specificity is further supported by 1) the inability of 
Snai1 to bind to the mutated consensus sequence; 2) the down-regulation of 
Snai1 using siRNA diminished the binding (Fig. 3.11); and 3) TGF-β1 
treatment led not only to an increase in Snai1, but also to an increase in the 
binding of Snai1 to its consensus sequence (Fig. 3.11). However, with regards 
to the latter finding, consideration still has to be taken that Snai1 may not be 
the only mediator involved in the TGF-β1 regulation of Cx43 because the rat 
Cx43 promoter also contains a number of other TGF-β1 responsive elements, 
like the AP-1 and Sp1 sites. In fact, analysis of the rat Cx43 promoter using 
TESS (Schug, 2003) revealed four AP-1 (-47 bp, -122 bp, -1265 bp and -1780 
bp) and three Sp1 (-59 bp, -1083 bp and -1207 bp) sites within the 2000 bp 
upstream of the transcription initiation site. 
 
4.5 Functional Significance of Cx43 Suppression by TGF-β1 in 
Hepatic Stellate Cells 
 
Apart from a reduction in the GJIC between the HSCs, we investigated 
whether there could be another functional significance of the down-regulation 
of Cx43 by TGF-β1. Earlier work by Saile et al. (1999) and Shen et al. (2003) 
indicated that TGF-β1 decreased the proliferation of HSCs by arresting cells at 
the G1 phase and simultaneously inhibiting apoptosis. Thus, we propose that 
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TGF-β1 might affect the proliferation of HSCs via the down-regulation of 
Cx43, a protein which has also been implicated in cell growth (Moorby and 
Patel, 2001). Our observations that rhTGF-β1 decreased the cell number and 
the expression of the proliferation marker PCNA (Figs. 3.12) are coherent 
with the results of Shen and colleagues (2003). At the same time, our results 
also confirm that these two parameters can be employed to follow changes in 
cell proliferation. 
Based on our assumption that Snai1 could be the downstream mediator 
of TGF-β1 on Cx43 regulation, Snai1 should also be linked to the TGF-β1-
dependent regulation of HSC proliferation. The contribution of Snai1 to the 
effect of TGF-β1 on the HSC proliferation becomes evident when we showed 
that the TGF-β1-induced reduction in cell number and PCNA expression was 
attenuated by the suppression of Snai1 using Snai1 siRNA (Fig. 3.13). 
Notably, the effect of TGF-β1 was not completely removed, so this hints 
towards the participation of other factors. 
In order to test our hypothesis that Cx43 could be involved in HSC 
proliferation, we transfected Cx43 siRNAs into HSCs (Fig. 3.14). Cx43 
siRNA-transfected HSCs proliferated slower than their mock-transfected 
counterparts as shown by a decrease in cell number (Fig. 3.15) and PCNA 
expression (Fig. 3.16), implying that TGF-β1 mediates its effect on HSC 
proliferation to a certain extent through Cx43. The underlying mechanism is 
not clear yet, but there are publications suggesting possible routes for the 
Cx43-mediated regulation of cell proliferation (Dang et al., 2003; Gramsch et 
al., 2001; Jia et al., 2008). 
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4.6 Future Studies 
 
This work was prompted by the interest to investigate whether TGF-β1 
regulates Cx43 in the HSCs after the publication of the effect of other 
cytokines and biological molecules, which are implicated in liver fibrosis, on 
Cx43 in the same cell type by others (Fischer et al., 2005). The findings in this 
work provide strong evidence that TGF-β1 decreases Cx43 transcript and 
protein expression in the HSCs. Further work could be carried out to elucidate 
more specifically how TGF-β1 lowers Cx43 expression in HSCs, whether this 
is due to altering the rate of translation or other aspects in the metabolism of 
the Cx43 mRNA. Similarly, there are also several steps that determine the 
level of a protein in a eukaryotic cell, for instance by influencing the stability 
of the protein. Interestingly, previous research by Larson and colleagues 
revealed that TGF-β1 causes the accumulation of Cx43 in the lysosomes of 
endothelial cells, hinting at the possible involvement of lysosomes in Cx43 
degradation (Larson et al., 2001). 
Although TGF-β1 is a pro-fibrogenic cytokine with the ‘undesired’ 
effect of causing the accumulation of ECM proteins in the event of 
uncontrolled HSCs activation, it may have a positive side in the sense that it 
inhibits HSC proliferation. When reflecting on the possibility of Cx43 in 
acting as a go-between in the TGF-β1-mediated inhibition of HSC 
proliferation, as the results from this study suggest, the question arises as to 
whether Cx43 and or GJIC could also serve as the middleman in other      
TGF-β1-stimulated processes. It is tempting to speculate that this might be the 
case when we bear in mind the assorted responses that TGF-β1 elicits. In 
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addition, taking into account that Cx43 may regulate cell growth independent 
of its physiological role in forming the gap junction (Moorby and Patel, 2001), 
understanding the molecular mechanism of Cx43 in conjunction with HSC 
activation and proliferation will be the next challenge and is a prerequisite 
before considering Cx43 as a meaningful therapeutic target for the resolution 
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RESPONSE TO EXAMINERS 
 
I would like to thank the examiners for their valuable comments on my 
master thesis. Herewith, I specifically address the suggestions and questions of 
examiner #2. 
 
1. Chapter 2, page 13: “Freshly isolated primary HSCs were seeded in a 
tissue culture flask”. Please provide the information on the seeding density 
and explain whether the flask was coated and, if so, how. 
The information on the seeding density and the flask was incorporated 
into the thesis on page 13. 
 
2. Chapter 2, page 14: “TGF-β1 was added and incubated for 2, 6, 10, 
24 or 30 hours.” How stable TGF-β1 could be in a serum-containing medium 
and did the author change the medium over 24 or 30 hour incubation? Please 
also explain why the concentrations of 1 and 10 ng/ml of TGF-β1 were 
selected in the study. 
TGF-β1 should be quite stable in a serum-containing medium, as TGF-
β1 can be found normally in the serum (Schaan et al., 2007, Tarantino et al., 
2008). The medium was not changed over the 24 or 30 hours incubation 
experiments. In order to have more than one concentration to show a 
regulatory effect on HSCs, I chose to use 1 ng/ml (4x10-11 M) and 10 ng/ml 
(4x10-10 M) of rhTGF-β1. These concentrations are near the physiological 
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concentrations (10-13 to 10-12
3. Chapter 3, Fig. 3.1 and 3.2: Cx43 mRNA is less suppressed in primary 
HSCs when compared the levels in HSC-2, while Cx43 protein expression was 
more obviously inhibited in primary HSCs. Please explain. 
 M) of TGF-β1 released by inflammatory cells 
and platelets (Cordeiro et al., 2000, Espana et al., 2004). 
 
The primary HSCs and the cell line HSC-2 represent activated HSCs to 
different degree and it has been shown by others that TGF-β1 has differential 
impact on the HSCs depending on their activation stages (Dooley et al., 2001). 
Nevertheless, this alone cannot explain a difference in the magnitude of the 
regulation between Cx43 mRNA and protein. One explanation could be that 
TGF-β1 regulates other factors in these two cell populations in different ways, 
which in turn leads to a stabilization of the Cx43 mRNA and a destabilization 
of the Cx43 protein in primary HSCs; and vice versa for the HSC-2 cell line. 
Another possible reason for the more dramatic down-regulation of the Cx43 
protein than that of the Cx43 mRNA could be that TGF-β1 affects post-
translational changes of Cx43, for instance Cx43 degradation. In addition, the 
observed difference in the extent of Cx43 mRNA and protein suppression 
could also in part be due to the different methods used for the study of mRNA 





4. Chapter 3.6, Snai1: Can Snai1 over-expression inhibit HSC 
proliferation? Please discuss. 
My work has shown that Snai1 can bind to its consensus sequence on 
the Cx43 promoter, and hence represses the Cx43 mRNA leading to less Cx43 
expression. On the other hand, Cx43 plays a part in regulating HSC 
proliferation. In view of these evidences, Snai1 over-expression can inhibit 
HSC proliferation via the down-regulation of Cx43 expression. On the other 
hand, Snai1 is known to affect cell cycle and proliferation (Vega et al., 2004, 
Park et al., 2005), therefore it is possible that Snai1 has a direct effect on HSC 
proliferation. 
 
5. Chapter 3.7: The title “Regulation of HSCs Proliferation”. Please 
change to “Regulation of HSC Proliferation”. 
The title has been amended. 
 72 
REFERENCES 
Cordeiro M.F., Bhattacharya S.S., Schultz G.S., Khaw P.T., 2000. 
TGFbeta1,-beta2, and -beta3 in vitro: biphasic effects on Tenon's 
fibroblast contraction, proliferation, and migration. Investigative 
Ophthalmology and Visual Science 41, 756–763. 
Dooley S., Delvoux B., Streckert M., Bonzel L., Stopa M., Ten Dijke P., 
Gressner A.M., 2001. Transforming growth factor β signal 
transduction in hepatic stellate cells via Smad2/3 phosphorylation, 
a pathway that is abrogated during in vitro progression to 
myofibroblasts. FEBS Letters 502, 4-10 
Espana E.M., Kawakita T, Liu C.Y., Tseng S.C., 2004. CD-34 expression by 
cultured human keratocytes is downregulated during 
myofibroblast differentiation induced by TGF-beta1. Investigative 
Ophthalmology and Visual Science 45, 2985–2991. 
Park J., Sung I., Lee S., Kim K., Kim Y., Yoo M., 2005. The zinc-finger 
transcription factor Snail downregulates proliferating cell nuclear 
antigen expression in colorectal carcinoma cells. International 
Journal of Oncology 26 (6), 1541-1547. 
Schaan B.D., Quadros A.S., Sarmento-Leite R., De Lucca Jr G., Bender A., 
Bertoluci M., 2007. Serum transforming growth factor beta-1 
(TGF-beta-1) levels in diabetic patients are not associated with 
pre-existent coronary artery disease. Cardiovascular Diabetology 
6:19. 
Tarantino G., Coppola A., Conca P., Cimino E., Di Minno G., 2008. Can 
serum TGF-beta 1 be used to evaluate the response to antiviral 
 73 
therapy of haemophilic patients with HCV-related chronic 
hepatitis? International Journal of Immunopathology and 
Pharmacology 4, 1007-1012. 
Vega S., Morales A.V., Ocana O.H., Valdés F., Fabregat I., Nieto M.A., 2004. 
Snail blocks the cell cycle and confers resistance to cell death. 




Publication: “TGF-β1 down-regulates connexin 43 expression and gap 
junction intercellular communication in rat hepatic stellate cells” 
Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíð
ÌÙÚó¾ï ¼±©²ó®»¹«´¿¬»­ ½±²²»¨·² ìí »¨°®»­­·±² ¿²¼ ¹¿° ¶«²½¬·±²
·²¬»®½»´´«´¿® ½±³³«²·½¿¬·±² ·² ®¿¬ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­
Ó·½¸»´´» Ý¸·² Ý¸·¿ Ô·³ô Ù«²¬»® Ó¿«¾¿½¸ô Ô¿²¹ Æ¸«±
×²­¬·¬«¬» ±º Þ·±»²¹·²»»®·²¹ ¿²¼ Ò¿²±¬»½¸²±´±¹§ô íï Þ·±°±´·­ É¿§ô Ì¸» Ò¿²±­ô ýðìóðïô Í·²¹¿°±®» ïíèêêçô Í·²¹¿°±®»
Î»½»·ª»¼ îç Ö¿²«¿®§ îððçå ®»½»·ª»¼ ·² ®»ª·­»¼ º±®³ ïï ß«¹«­¬ îððçå ¿½½»°¬»¼ ïï ß«¹«­¬ îððç
ß¾­¬®¿½¬
×²¬»®½»´´«´¿® ½±³³«²·½¿¬·±² ·­ ¿² ·³°±®¬¿²¬ ¬±±´ «­»¼ ¾§ ¬¸» ½»´´­ ¬± »ºº»½¬·ª»´§ ®»¹«´¿¬» ½±²½»®¬»¼ ®»­°±²­»­ò
Ø»°¿¬·½ ­¬»´´¿¬» ½»´´­ øØÍÝ­÷ ½±³³«²·½¿¬» ¬± »¿½¸ ±¬¸»® ¬¸®±«¹¸ º«²½¬·±²¿´ ¹¿° ¶«²½¬·±²­ ½±³°±­»¼ ±º ½±²²»¨·² ìí
øÝ¨ìí÷ °®±¬»·²­ò É» ­¸±© ¬¸¿¬ »¨±¹»²±«­ ¸«³¿² ÌÙÚó¾ï ø¸ÌÙÚó¾ï÷ô ¿ °®±ó¾®±¬·½ ­¬·³«´«­ô ¼»½®»¿­»­ Ý¨ìí ³ÎÒß
¿²¼ °®±¬»·² ·² ¿ ®¿¬ ØÍÝ ½»´´ ´·²» ¿²¼ °®·³¿®§ ØÍÝ­ò Ú«®¬¸»®³±®»ô ¸ÌÙÚó¾ï ·²½®»¿­»­ ¬¸» °¸±­°¸±®§´¿¬·±² ±º Ý¨ìí ¿¬
­»®·²» íêèò Ì¸»­» »ºº»½¬­ ´»¿¼ ¬± ¿ ¼»½®»¿­» ·² ¬¸» ¹¿° ¶«²½¬·±² ·²¬»®½»´´«´¿® ½±³³«²·½¿¬·±² ¾»¬©»»² ¬¸» ØÍÝ­ô ¿­
­¸±©² ¾§ ¹¿°óÚÎßÐ ¿²¿´§­·­ò É» ¿´­± ±¾­»®ª» ¬¸» ¾·²¼·²¹ ±º Í²¿·ïô º®±³ ¬¸» ²«½´»¿® »¨¬®¿½¬ ±º ØÍÝ­ô ¬± ¿ Í²¿·ï
½±²­»²­«­ ­»¯«»²½» ·² ¬¸» Ý¨ìí °®±³±¬»®ò ×² ¬¸» ­¿³» ½±²¬»¨¬ô Í²¿·ï ­·ÎÒß ¬®¿²­º»½¬·±² ®»­«´¬­ ·² ¿² «°ó®»¹«´¿¬·±² ±º
Ý¨ìí ­«¹¹»­¬·²¹ ¬¸¿¬ ÌÙÚó¾ï ³¿§ ®»¹«´¿¬» Ý¨ìí ª·¿ Í²¿·ïò ×² ¿¼¼·¬·±²ô ©» ¼»³±²­¬®¿¬» ¬¸¿¬ ¬¸» µ²±½µ¼±©² ±º Ý¨ìí
¾§ ­·ÎÒß ¬®¿²­º»½¬·±² ®»­«´¬­ ·² ¿ ­´±©»® °®±´·º»®¿¬·±² ±º ØÍÝ­ò Ì¸»­» ²¼·²¹­ ·´´«³·²¿¬» ¿ ²»© »ºº»½¬ ±º ÌÙÚó¾ï ·²
ØÍÝ­ô ²¿³»´§ ¬¸» ®»¹«´¿¬·±² ±º ·²¬»®½»´´«´¿® ½±³³«²·½¿¬·±² ¾§ ¿ºº»½¬·²¹ ¬¸» »¨°®»­­·±² ´»ª»´ ¿²¼ ¬¸» °¸±­°¸±®§´¿¬·±²
­¬¿¬» ±º Ý¨ìí ¬¸®±«¹¸ Í²¿·ï ­·¹²¿´·²¹ò
ú îððç Û´­»ª·»® Ù³¾Øò ß´´ ®·¹¸¬­ ®»­»®ª»¼ò
Õ»§©±®¼­æ Ø»°¿¬·½ ­¬»´´¿¬» ½»´´­å ÙÖ×Ýå Ý±²²»¨·² ìíå Í²¿·ïå ÌÙÚó¾ï
×²¬®±¼«½¬·±²
Ø»°¿¬·½ ­¬»´´¿¬» ½»´´­ øØÍÝ­÷ °´¿§ ¿² ·³°±®¬¿²¬ ®±´» ·²
¬¸» ®»°¿·® °®±½»­­ ¿º¬»® ´·ª»® ·²¶«®§ ¾§ ½±²¬®·¾«¬·²¹ ¬±
¬¸» ¿½½«³«´¿¬·±² ±º ¬¸» »¨¬®¿½»´´«´¿® ³¿¬®·¨ øÛÝÓ÷
°®±¬»·²­ò Û­­»²¬·¿´´§ô ØÍÝ­ ¾»½±³» ¿½¬·ª¿¬»¼ ¬± ¿
°®±´·º»®¿¬·ª» ¿²¼ ½±²¬®¿½¬·´» ³§±¾®±¾´¿­¬ó´·µ» °¸»²±ó
¬§°»ò Ì¸·­ ¿½¬·ª¿¬·±² °®±½»­­ ·­ ·²·¬·¿¬»¼ ¿²¼ ­«­¬¿·²»¼
¾§ ¾±¬¸ °¿®¿½®·²» ¿²¼ ¿«¬±½®·²» ­·¹²¿´·²¹ ·²ª±´ª·²¹
²«³»®±«­ ½§¬±µ·²»­ øÙ®»­­²»® »¬ ¿´òô îððé÷ò Ð¿®¿½®·²»
­¬·³«´¿¬·±² ¼»°»²¼­ ±² ³¿²§ ¼·ºº»®»²¬ ½»´´ ¬§°»­ ·² ¬¸»
´·ª»®ô º±® ·²­¬¿²½» ¬¸» ¸»°¿¬±½§¬»­ô »²¼±¬¸»´·¿´ ½»´´­ô
°´¿¬»´»¬­ ¿²¼ Õ«°ºº»® ½»´´­ò Ì¸»­» ½»´´­ ­»½®»¬» ¼·ºº»®»²¬
½§¬±µ·²»­ ´·µ» ÌÙÚó¾ïô ÐÜÙÚô ¾ÚÙÚô ¿²¼ ÛÙÚ
øÚ®·»¼³¿²ô îððè÷ò Ñº ¬¸»­» ½§¬±µ·²»­ô ¬¸» ÌÙÚó¾ï ·­
±²» ±º ¬¸» ³±­¬ ©»´´ó­¬«¼·»¼ ­·¹²¿´·²¹ ³±´»½«´»­ ©·¬¸
¼·ª»®­» »ºº»½¬­ ±² ØÍÝ­ô ·²½´«¼·²¹ ®»¹«´¿¬·±² ±º ½±´´¿¹»²
³»¬¿¾±´·­³ô ½±²¬®¿½¬·±² ¿²¼ °®±´·º»®¿¬·±² øØ»´´»®¾®¿²¼
»¬ ¿´òô ïçççå Õ¿¬± »¬ ¿´òô îððìå Õ¸¿®¾¿²¼¿ »¬ ¿´òô îððìå
Í¿·´» »¬ ¿´òô ïçççå Ê»®®»½½¸·¿ ¿²¼ Ó¿«ª·»´ô îððé÷ò
Ù¿° ¶«²½¬·±²­ ¿®» ³·½®±­½±°·½ ½¸¿²²»´­ º±®³»¼
¾»¬©»»² ¿¼¶¿½»²¬ ½»´´­ ¬¸¿¬ ¿´´±© º±® ·²¬»®½»´´«´¿®
½±³³«²·½¿¬·±² ª·¿ ¬¸» »¨½¸¿²¹» ±º ­³¿´´ ³±´»½«´»­
¿²¼ ·±²­ ø½§½´·½ ²«½´»±¬·¼»­ô ·²±­·¬±´ °¸±­°¸¿¬»­ô Ý¿îõô
Õõ÷ò Û¿½¸ ¹¿° ¶«²½¬·±² ½¸¿²²»´ ·­ º±®³»¼ ¾§ ¬©± ¸»³·ó
½¸¿²²»´­ ø½±²²»¨±²÷ ¾»¬©»»² ²»·¹¸¾±®·²¹ ½»´´­ò Ì¸»
½±²²»¨±² ·¬­»´º ½±²­·­¬­ ±º ¿² ¿­­»³¾´§ ±º °®±¬»·²
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
©©©ò»´­»ª·»®ò¼»ñ»¶½¾
ðïéïóçííëñü ó ­»» º®±²¬ ³¿¬¬»® ú îððç Û´­»ª·»® Ù³¾Øò ß´´ ®·¹¸¬­ ®»­»®ª»¼ò
¼±·æïðòïðïêñ¶ò»¶½¾òîððçòðèòððí
Ý±®®»­°±²¼·²¹ ¿«¬¸±®ò Ì»´òæ õêë êèîì éïïìå º¿¨æ õêë êìéè çðèðò
Ûó³¿·´ ¿¼¼®»­­æ ´¦¸«±à·¾²ò¿ó­¬¿®ò»¼«ò­¹ øÔò Æ¸«±÷
­«¾«²·¬­ ½¿´´»¼ ½±²²»¨·²­ øÙ±±¼»²±«¹¸ »¬ ¿´òô ïççê÷ô ±º
©¸·½¸ ³±®» ¬¸¿² îð ¼·ºº»®»²¬ ½±²²»¨·²­ ¿®» µ²±©² ¬±
¼¿¬» øÛ§®» »¬ ¿´òô îððê÷ò ×² ¬¸» ´·ª»®ô ¸»°¿¬±½§¬»­ »¨°®»­­
½±²²»¨·²­ îê ¿²¼ íî øÝ¨îêô Ý¨íî÷ô ©¸»®»¿­ ²±²°¿®ó
»²½¸§³¿´ ½»´´­ ø»²¼±¬¸»´·¿´ ½»´´­ô ­¬»´´¿¬» ½»´´­ô ±ª¿´ ½»´´­ô
Õ«°ºº»® ½»´´­÷ »¨°®»­­ ½±²²»¨·² ìí øÝ¨ìí÷ øÙ±²¦¿´»¦
»¬ ¿´òô îððî÷ò Ý¨îê ¿²¼ Ý¨íî ½¿² º±®³ ¸»¬»®±³»®·½ ¹¿°
¶«²½¬·±²­ ©·¬¸ »¿½¸ ±¬¸»®ô ¾«¬ ²±¬ ©·¬¸ Ý¨ìí øÍ»¹®»¬¿·²
¿²¼ Ú¿´µô îððì÷ò Ü·ºº»®»²¬ ´·ª»® ·²¶«®§ ³±¼»´­ ´»¿¼ ¬± ¿
¼»½®»¿­» ·² Ý¨îê ¿²¼ Ý¨íî »¨°®»­­·±² øÜ» Ó¿·± »¬ ¿´òô
îððî÷ò ×² ½±²¬®¿­¬ô °®»ª·±«­ ²¼·²¹­ º®±³ Ú·­½¸»® »¬ ¿´ò
øîððë÷ »­¬¿¾´·­¸»¼ ¬¸¿¬ ¬¸» »¨°®»­­·±² ±º Ý¨ìí ·²½®»¿­»­
·² ¿½¬·ª¿¬»¼ ØÍÝ­ô ®»­«´¬·²¹ ·² ¿ ½±®®»­°±²¼·²¹ »²ó
¸¿²½»³»²¬ ·² ¬¸» ¹¿° ¶«²½¬·±² ·²¬»®½»´´«´¿® ½±³³«²·½¿ó
¬·±² øÙÖ×Ý÷ ¾»¬©»»² ¬¸»­» ½»´´­ò Ì¸» ¼±©²ó®»¹«´¿¬·±² ±º
½±²²»¨·²­ ·² ¸»°¿¬±½§¬»­ ½±«´¼ ¾» ·²¬»®°®»¬»¼ ¿­ ¿ ­»´ºó
¼»º»²­» ³»½¸¿²·­³ ¬± °®»ª»²¬ ¬¸» ­°®»¿¼·²¹ ±º ¬·­­«»
·²¶«®§ô ©¸»®»¿­ ¬¸» «°ó®»¹«´¿¬·±² ±º Ý¨ìí ·² ØÍÝ­
½±«´¼ º¿½·´·¬¿¬» ¿ ½±²½»®¬»¼ ¿½¬·±² ±º ¬¸·­ ½»´´ ¬§°» ¼«®·²¹
¬·­­«» ®»°¿·®ò
Ú·­½¸»® »¬ ¿´ò øîððë÷ ¿´­± ­¸±©»¼ ¬¸» ®»¹«´¿¬·±²
±º ÙÖ×Ý «°±² ¬®»¿¬³»²¬ ©·¬¸ ¼·ºº»®»²¬ ®»¹«´¿¬±®§
³±´»½«´»­ ¿²¼ ½§¬±µ·²»­ô ©·¬¸ ¬¸» »¨½»°¬·±² ±º
ÌÙÚó¾ïò ×² ±«® ®»°±®¬ô ©» ·²ª»­¬·¹¿¬» ¬¸» »ºº»½¬ ±º
ÌÙÚó¾ïô ¿ ª»®§ ·³°±®¬¿²¬ °®±ó¾®±¹»²·½ ½§¬±µ·²»ô ±²




Ð®·³¿®§ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­ ©»®» ·­±´¿¬»¼ º®±³ ³¿´»
É·­¬¿® ®¿¬­ ¿½½±®¼·²¹ ¬± ¿ °®»ª·±«­´§ °«¾´·­¸»¼ °®±½»ó
¼«®» øÉ»·­µ·®½¸»² ¿²¼ Ù®»­­²»®ô îððë÷ò Ì¸» °®±¬±½±´
©¿­ ¿°°®±ª»¼ ¾§ ¬¸» ×²­¬·¬«¬·±²¿´ ß²·³¿´ Ý¿®» ¿²¼ Ë­»
Ý±³³·¬¬»» ø×ßÝËÝ÷ ±º ¬¸» Þ·±³»¼·½¿´ Î»­»¿®½¸
Ý±«²½·´ ±º Í·²¹¿°±®»ò Ì¸» °«®·¬§ ±º °®·³¿®§ ØÍÝ­
©¿­ ¿­­»­­»¼ ¾§ ª·¬¿³·² ß ¿«¬±«±®»­½»²½» ±²» ¼¿§
¿º¬»® ·­±´¿¬·±²ò Ì¸» ½»´´ ´·²» ØÍÝóî ©¿­ ¼»­½®·¾»¼
»´­»©¸»®» øÓ¿«¾¿½¸ »¬ ¿´òô îððè÷ò ß´´ ½»´´­ ©»®»
½«´¬·ª¿¬»¼ ·² ¿ ¸«³·¼·»¼ íé ïÝ ·²½«¾¿¬±® ½·®½«´¿¬»¼
©·¬¸ ëû ÝÑîò Ø·¹¸ó¹´«½±­» Ü«´¾»½½±­ ³±¼·»¼ Û¿¹´»
³»¼·«³ øÜóÓÛÓ÷ ½±²¬¿·²·²¹ ïðû º»¬¿´ ¾±ª·²» ­»®«³ô
ïðð«²·¬­ñ³´ °»²·½·´´·² ¿²¼ ïðð ³¹ñ³´ ­¬®»°¬±³§½·² ©¿­
«­»¼ ¼«®·²¹ ½»´´ ½«´¬«®»ò Ì®§°­·²óÛÜÌß ©¿­ °«®½¸¿­»¼
º®±³ Þ·±½¸®±³» øÙ»®³¿²§÷ò ß´´ ±¬¸»® ½»´´ ½«´¬«®»
®»¿¹»²¬­ ©»®» º®±³ ×²ª·¬®±¹»² øÝßô ËÍß÷ò
Ø»°¿¬·½ ­¬»´´¿¬» ½»´´­ ¬®»¿¬³»²¬ ©·¬¸ ®»½±³¾·²¿²¬
¸«³¿² ÌÙÚó¾ï
Ì©»²¬§ º±«® ¸±«®­ °®·±® ¬± ¬®»¿¬³»²¬ô ØÍÝ­ ©»®»
­»»¼»¼ ·² éëó½³î ¬·­­«» ½«´¬«®» ¿­µ­ò ß¬ êðéðû ½»´´
½±²«»²½»ô ®»½±³¾·²¿²¬ ¸ÌÙÚó¾ï ©¿­ ¿¼¼»¼ ¿¬ ¿ ²¿´
½±²½»²¬®¿¬·±² ±º ï ±® ïð ²¹ñ³´ ¿²¼ ·²½«¾¿¬»¼ º±® îô êô
ïðô îì ±® íð ¸ò Ú±® ¬¸» ½±²¬®±´ ¬®»¿¬³»²¬ô ±²´§
°¸±­°¸¿¬»ó¾«ºº»®»¼ ­¿´·²» øÐÞÍ÷ ©¿­ ¹·ª»² ¬± ¬¸» ½»´´­ò
×² ­±³» »¨°»®·³»²¬­ô ØÍÝóî ½»´´­ ©»®» ¬®»¿¬»¼ ©·¬¸
¾·­·²¼±´§´³¿´»·³·¼» × øÞ×Ó ×÷ ¿¬ ¿ ²¿´ ½±²½»²¬®¿¬·±²
±º ë ³Ó º±® íð³·² ¾»º±®» ¬®»¿¬³»²¬ ©·¬¸ ïð²¹ñ³´
¸ÌÙÚó¾ïò
Î»ª»®­» ¬®¿²­½®·°¬·±² ¿²¼ ¯«¿²¬·¬¿¬·ª» ÐÝÎ
Ì±¬¿´ ÎÒß ©¿­ ·­±´¿¬»¼ º®±³ ½»´´­ ¿½½±®¼·²¹ ¬± ¬¸»
³¿²«º¿½¬«®»®­ °®±¬±½±´ øÎÒß ×× µ·¬ô Ó¿½¸»®»§óÒ¿¹»´ô
Ù»®³¿²§÷ò ß´´ ®»¿¹»²¬­ º±® ®»ª»®­» ¬®¿²­½®·°¬·±² ¿²¼
®»¿´ó¬·³» ÐÝÎ ©»®» º®±³ ß°°´·»¼ Þ·±­§­¬»³­ øÝßô
ËÍß÷ò Ñ²» ³·½®±¹®¿³ ±º ¬±¬¿´ ÎÒß ©¿­ ®»ª»®­»
¬®¿²­½®·¾»¼ ¬± ½ÜÒß ·² ¿ ¬±¬¿´ ®»¿½¬·±² ª±´«³» ±º
ëð ³´ ¿¬ ½±²¼·¬·±²­ ¼»­½®·¾»¼ ·² ¬¸» ÎÌ µ·¬ øÒèðèðîíì÷ò
Î»¿´ó¬·³» ÐÝÎ ®»¿½¬·±²­ ©»®» °»®º±®³»¼ «­·²¹ ¬¸» Ú¿­¬
Î»¿´ Ì·³» ÐÝÎ Í§­¬»³ øß°°´·»¼ Þ·±­§­¬»³­÷ò Ì¸®»»
³·½®±´·¬®»­ ±º ½ÜÒß ©»®» «­»¼ ·² ¿ ÐÝÎ ®»¿½¬·±²
ª±´«³» ±º ïð ³´ò Ì¸» Ì¿¯³¿² °®±¾»­ º±® ¬¿®¹»¬ ¹»²»­
Ý¨ìí ¿²¼ Í²¿·ïô ¿­ ©»´´ ¿­ º±® »²¼±¹»²±«­ ½±²¬®±´ ¾ó
¿½¬·² ©»®» Î²ðïìííçëéÁ³ïô Î²ððììïëííÁ¹ï ¿²¼
ìíëîíìïÛô ®»­°»½¬·ª»´§ò Ì¸» ÐÝÎ ½±²¼·¬·±²­ ©»®»
çë ïÝ º±® îð ­ ¿²¼ ìð ½§½´»­ ±º ¿³°´·½¿¬·±² ¿¬ çë ïÝ
º±® í ­ ¿²¼ êð ïÝ º±® íð ­ò
ÍÜÍóÐßÙÛ ¿²¼ É»­¬»®² ¾´±¬
Ý»´´ ´§­·­ ¿²¼ ­«¾­»¯«»²¬ ­»°¿®¿¬·±² ±º ¬±¬¿´ °®±¬»·²
·² ÍÜÍóÐßÙÛ º±´´±©»¼ ¾§ É»­¬»®² ¾´±¬ ©¿­ °»®º±®³»¼
¿­ ®»½»²¬´§ ¼»­½®·¾»¼ øÔ·³ »¬ ¿´òô îððè÷ò Ì¸» ³»³¾®¿²»
©¿­ ¾´±½µ»¼ ©·¬¸ ëû ²±²óº¿¬ ³·´µ ·² ÌÞÍóÌ©»»² øÌÞÍó
Ì÷ò Ì¸» ¿²¬·óÝ¨ìí ø­½óçðëçô Í¿²¬¿ Ý®«¦ Þ·±¬»½¸²±´±¹§ô
ËÍß÷ô ó°¸±­°¸±®§´¿¬»¼ Ý¨ìí ¿¬ ­»®·²» íêè ø°Ý¨ìí
Í»®íêèô íëïïÍô Ý»´´ Í·¹²¿´·²¹ Ì»½¸²±´±¹§ô ËÍß÷ô
óÐÝÒß øß¾îçô ß¾½¿³ô ËÕ÷ ¿²¼ ó¾ó¿½¬·² øßîîîèô
Í·¹³¿ô ËÍß÷ °®·³¿®§ ¿²¬·¾±¼·»­ ©»®» ¿°°´·»¼ ¿¬ ¿
¼·´«¬·±² ±º ïæïðððô ïæéëðô ïæëððð ¿²¼ ïæéëððô ®»­°»½ó
¬·ª»´§ô ·² ¾´±½µ·²¹ ­±´«¬·±²ò ßº¬»® ¬¸®»» ©¿­¸»­ ·² ÌÞÍó
Ìô ¬¸» ¿°°®±°®·¿¬» ­»½±²¼¿®§ ¿²¬·¾±¼§ ½±²¶«¹¿¬»¼ ©·¬¸
¸±®­»®¿¼·­¸ °»®±¨·¼¿­» øÍ¿²¬¿ Ý®«¦ Þ·±¬»½¸²±´±¹§ô
ËÍß÷ ©¿­ ¿¼¼»¼ ¿¬ ¿ ¼·´«¬·±² ±º ïæîððð ·² ¾´±½µ·²¹
­±´«¬·±²ò ßº¬»® ¬¸®»» ©¿­¸»­ ·² ÌÞÍóÌô ¬¸» ³»³¾®¿²»
©¿­ ¼»ª»´±°»¼ ©·¬¸ ÛÝÔ Ð´«­ øÎÐÒîïíîô ÙÛ Ø»¿´¬¸ó
½¿®»ô ËÕ÷ò Ì¸» ·²½«¾¿¬·±² ©·¬¸ ¿²¬·ó°Ý¨ìí ¿²¬·¾±¼§
©¿­ °»®º±®³»¼ ±ª»®²·¹¸¬ ¿¬ ì ïÝò ß´´ ±¬¸»® ·²½«¾¿¬·±²­
©»®» ½¿®®·»¼ ±«¬ º±® ï ¸ ¿¬ ®±±³ ¬»³°»®¿¬«®»ò Í»³·ó
¯«¿²¬·¬¿¬·ª» ¼»²­·¬±³»¬®·½ ¿²¿´§­·­ ±º É»­¬»®² ¾´±¬­ ©¿­
°»®º±®³»¼ «­·²¹ ×³¿¹»Ö ­±º¬©¿®» øÉò Î¿­¾¿²¼ô Ò×Øå
¸¬¬°æññ®­¾ò·²º±ò²·¸ò¹±ªñ·¶ñ÷ò
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíðéîð
×³³«²±«±®»­½»²½» ­¬¿·²·²¹
×³³«²±«±®»­½»²½» ­¬¿·²·²¹ ±º ØÍÝóî ½»´´­ ©¿­
°»®º±®³»¼ ¿­ ¼»­½®·¾»¼ »´­»©¸»®» øÓ¿«¾¿½¸ »¬ ¿´òô
îððé÷ «­·²¹ ¿²¬·óÝ¨ìí øÝóêîïçô Í·¹³¿ô ËÍß÷ ¿²¼ ¿²¬·ó
°¸±­°¸±®§´¿¬»¼ Ý¨ìí ¿¬ ­»®·²» íêè ø°Ý¨ìí Í»®íêèô
íëïïÍô Ý»´´ Í·¹²¿´·²¹ Ì»½¸²±´±¹§ô ËÍß÷ ¿²¬·¾±¼·»­ ¿¬
¿ ¼·´«¬·±² ±º ïæëðò Ì¸» ­»½±²¼¿®§ ¿²¬·¾±¼·»­ ¿²¬·ó®¿¾¾·¬
ß´»¨¿ìèè ¿²¼ ¿²¬·ó®¿¾¾·¬ ß´»¨¿ëëë ø×²ª·¬®±¹»²ô ËÍß÷
©»®» «­»¼ ¿¬ ¿ ¼·´«¬·±² ±º ïæîððò ×³¿¹»­ ©»®» ¬¿µ»²
«­·²¹ ¿ Ô»·½¿ ÎÓÞóÜÓ »°·«±®»­½»²½» ³·½®±­½±°»
øÔ»·½¿ô Ù»®³¿²§÷ò
ß²¿´§­·­ ±º ¹¿° ¶«²½¬·±² ·²¬»®½»´´«´¿® ½±³³«²·½¿¬·±²
ØÍÝóî ½»´´­ ©»®» ¹®±©² ·² ¿ êðó³³ ½»´´ ½«´¬«®» ¼·­¸
±ª»®²·¹¸¬ò ß¬ çðû ½»´´ ½±²«»²½»ô ¸ÌÙÚó¾ï ø²¿´
½±²½»²¬®¿¬·±² ïð ²¹ñ³´÷ ±® ½¿®¾»²±¨±´±²» ø²¿´ ½±²ó
½»²¬®¿¬·±² ìð³Ó÷ ©¿­ ¿¼¼»¼ ¿²¼ ·²½«¾¿¬»¼ º±® ê ¸ò ß­
½±²¬®±´ô ±²´§ ÐÞÍ ©¿­ ¹·ª»² ¬± ¬¸» ½»´´­ò ß´¬»®²¿¬·ª»´§ô
Þ×Ó × ø²¿´ ½±²½»²¬®¿¬·±² ë³Ó÷ ©¿­ ¿¼¼»¼ íð³·²
¾»º±®» ¬¸» ¿¼¼·¬·±² ±º ¸ÌÙÚó¾ïò ßº¬»® ¿ ¾®·»º ®·²­» ·²
ÐÞÍô ½»´´­ ©»®» ·²½«¾¿¬»¼ ·² ÜóÓÛÓ ©·¬¸±«¬ °¸»²±´
®»¼ô ½±²¬¿·²·²¹ ëôêó½¿®¾±¨§«±®»­½»·² ¼·¿½»¬¿¬»
øÎ»­»¿®½¸ Ñ®¹¿²·½­ô ËÍß÷ ¿¬ ¿ ²¿´ ½±²½»²¬®¿¬·±² ±º
ëð³¹ñ³´ ¿²¼ ·²½«¾¿¬»¼ ·² ¿ íé ïÝ ¸«³·¼·»¼ ·²½«¾¿¬±®
º±® íð³·²ò Ì¸» ½»´´­ ©»®» ¬¸»² ®·²­»¼ ¬©·½» ©·¬¸ ÐÞÍô
¿²¼ ÜóÓÛÓ ©·¬¸±«¬ °¸»²±´ ®»¼ ©¿­ ¿¼¼»¼ ¾»º±®»
°®±½»»¼·²¹ ©·¬¸ ¬¸» «±®»­½»²½» ®»½±ª»®§ ¿º¬»® °¸±¬±ó
¾´»¿½¸·²¹ øÚÎßÐ÷ ¿­­¿§ò É» «­»¼ ¬¸» ÚÎßÐ ¿°°´·½¿ó
¬·±² ·²½´«¼»¼ ·² ¬¸» ­±º¬©¿®» °¿½µ¿¹» ±º ¿ Ô»·½¿ ÌÝÍ
ÍÐî »¯«·°°»¼ ©·¬¸ ÜÓêðððò ß êí ·³³»®­·±²
±¾¶»½¬·ª» øÔ»·½¿ ØÝÈ ßÐÑ Ô ËóÊó× êí ñðòçð ©¿¬»®
ËÊ÷ ©¿­ «­»¼ò ß² ¿®¹±² ´¿­»® ¿¬ ìèè ²³ ©¿­ «­»¼ º±®
»¨½·¬¿¬·±² ¿²¼ ¬¸» «±®»­½»²½» ­·¹²¿´ ©¿­ ½¿°¬«®»¼
¾»¬©»»² ëðð ¿²¼ ëíë²³ò Ì¸» ½±²¼·¬·±²­ ©»®» ¿­
º±´´±©­æ ë °®»ó¾´»¿½¸ ­½¿²­ ¿¬ ïðû ´¿­»® °±©»®ô ìð
¾´»¿½¸ ­½¿²­ ¿¬ ïððû ´¿­»® °±©»® º±´´±©»¼ ¾§ êð °±­¬ó
¾´»¿½¸ ­½¿²­ ¿¬ ïëó­ ·²¬»®ª¿´­ò Ü«®·²¹ ¬¸» ¾´»¿½¸·²¹
°»®·±¼ô ¬¸» ¦±±³ ³±¼» ©¿­ «­»¼ ¬± ¾´»¿½¸ ¿ ­·²¹´» ½»´´
ø¬¿®¹»¬ ½»´´÷ ¼»²»¼ ·² ¿ ®»¹·±² ±º ·²¬»®»­¬ øÎÑ×÷ò ß´´
¼¿¬¿ ©»®» ½±®®»½¬»¼ º±® °¸±¬±¾´»¿½¸·²¹ ¼«®·²¹ °±­¬ó
¾´»¿½¸ ¿½¯«·­·¬·±² «­·²¹ ¬¸» ©¸±´» ­½¿²²»¼ ¿®»¿ò Ì¸»
¬·³» ½±²­¬¿²¬ ±º ®»½±ª»®§ô ¬¿« ø¬÷ô ©¿­ »­¬·³¿¬»¼ ¾§
¬¬·²¹ ¬¸» ½±®®»½¬»¼ »¨°»®·³»²¬¿´ ¼¿¬¿ øÑ®·¹·²Ð®± é
ÍÎìô Ñ®·¹·²Ô¿¾ ËÍß÷ ¬± ¬¸» º±´´±©·²¹ º«²½¬·±²æ
Ú ¬ Úð Ú Úð ï »
¬ ¬
©·¬¸ Úø¬÷ ¾»·²¹ ¬¸» ½±®®»½¬»¼ «±®»­½»²½» ·²¬»²­·¬§ ¿²¼
ÚÒ ¾»·²¹ ¬¸» ¿­§³°¬±¬·½ ª¿´«» ±º ¬¸» «±®»­½»²½»
·²¬»²­·¬§ò Ì¸» ¬®¿²­º»® ½±²­¬¿²¬ øµ÷ ©¿­ ½¿´½«´¿¬»¼ º®±³
µãïñ¬ ¿²¼ ²±®³¿´·¦»¼ ¾§ ¼·ª·¼·²¹ ¾§ ¬¸» ²«³¾»® ±º
½»´´­ ·² ½±²¬¿½¬ ©·¬¸ ¬¸» ¬¿®¹»¬ ½»´´ò Ì¸» «±®»­½»²½»
®»½±ª»®§ º±® »¿½¸ ½»´´ ©¿­ ¿¾±«¬ ëðûò
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
Ú·¹ò ïò Ûºº»½¬ ±º ¼·ºº»®»²¬ ½±²½»²¬®¿¬·±²­ ±º ¸ÌÙÚó¾ï ±² Ý¨ìí
³ÎÒß ¿²¼ °®±¬»·² »¨°®»­­·±²ò ØÍÝóî ¿²¼ ïð ¼¿§­ ·² ª·¬®±
¿½¬·ª¿¬»¼ °®·³¿®§ ØÍÝ­ ø°ØÍÝ­÷ ©»®» ¬®»¿¬»¼ ©·¬¸ ï ¿²¼
ïð ²¹ñ³´ ¸ÌÙÚó¾ï º±® ïð ¿²¼ îì ¸ º±® ³ÎÒß ¿²¼ °®±¬»·²
¿²¿´§­·­ô ®»­°»½¬·ª»´§ò øß÷ Ì¸» ³ÎÒß »¨°®»­­·±² ±º Ý¨ìí ©¿­
±¾¬¿·²»¼ ¾§ ¯«¿²¬·¬¿¬·ª» ®»¿´ó¬·³» ÐÝÎ ¿²¼ ¬¸» ¼¿¬¿ ©»®»
¿²¿´§¦»¼ ¿­ º±´¼ ½¸¿²¹» ®»´¿¬·ª» ¬± ¬¸» ½±²¬®±´ò Ì¸» ¼¿¬¿
®»°®»­»²¬ ¬¸» ³»¿²éÍòÜò ±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­
øöÐ±ðòðëô ööÐ±ðòððë÷ò øÞ÷ Ì»² ³·½®±¹®¿³­ ¬±¬¿´ °®±¬»·² ©¿­
¿°°´·»¼ º±® Ý¨ìí ¿²¿´§­·­ ·² É»­¬»®² ¾´±¬ò Ì¸» ¾ó¿½¬·²
»¨°®»­­·±² ©¿­ ­¸±©² ¿­ ¬¸» ´±¿¼·²¹ ½±²¬®±´ò ß ®»°®»­»²¬¿¬·ª»
¾´±¬ º±® »¿½¸ ½»´´ ­±«®½» ·­ ­¸±©²ò øÝ÷ Ì¸» ¾¿²¼ ·²¬»²­·¬·»­
©»®» »­¬·³¿¬»¼ «­·²¹ ×³¿¹»Ö ¿²¼ ²±®³¿´·¦»¼ ¿¹¿·²­¬ ¾ó¿½¬·²ò
Ì¸» ¼¿¬¿ ®»°®»­»²¬ ¬¸» ¿ª»®¿¹»éÍòÜò ±º ¬©± ¬± ¬¸®»»
·²¼»°»²¼»²¬ »¨°»®·³»²¬­ øöÐ±ðòðëô ööÐ±ðòððë÷ò
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíð éîï
Û´»½¬®±°¸±®»¬·½ ³±¾·´·¬§ ­¸·º¬ ¿­­¿§
Þ¿­»¼ ±² ¬¸» ®¿¬ Ý¨ìí ¹»²» øÒÉÁððïðèìéçð÷ô ¿ ¾·±ó
¬·²§´¿¬»¼ ¼±«¾´»ó­¬®¿²¼»¼ ±´·¹±²«½´»±¬·¼» °®±¾» ë óÌÙó
ÝÌÝßßÝÝÝßÙÌÝßÙÙÌÙßÌÙÝÝÌÙßßÝßßßóí ô
©·¬¸ ¬¸» Í²¿·ï ½±²­»²­«­ ­»¯«»²½» øÝßÙÙÌÙ÷ô ©¿­
­§²¬¸»­·¦»¼ øÎ»­»¿®½¸ Þ·±´¿¾­ô Í·²¹¿°±®»÷ò ×² ¬¸»
³«¬¿¬»¼ ¼±«¾´»ó­¬®¿²¼»¼ ±´·¹±²«½´»±¬·¼»ô ¬¸» Í²¿·ï
½±²­»²­«­ ­»¯«»²½» ©¿­ ½¸¿²¹»¼ ¬± ÝßÙÙßßò Ò«½´»¿®
°®±¬»·² »¨¬®¿½¬ ©¿­ ±¾¬¿·²»¼ «­·²¹ ¬¸» ÒÛóÐÛÎ Ò«½´»¿®
¿²¼ Ý§¬±°´¿­³·½ Û¨¬®¿½¬·±² µ·¬ øÐ·»®½»ô ËÍß÷ò Ì¸»
»´»½¬®±°¸±®»¬·½ ³±¾·´·¬§ ­¸·º¬ ¿­­¿§ ©¿­ °»®º±®³»¼ «­·²¹
®»¿¹»²¬­ º®±³ ¬¸» Í²¿·ï µ·¬ ¿½½±®¼·²¹ ¬± ¬¸» ³¿²«º¿½ó
¬«®»®­ °®±¬±½±´ øßÇïíçèô Ð¿²±³·½­ô ËÍß÷ò Þ®·»§ô ë ³¹
²«½´»¿® °®±¬»·² »¨¬®¿½¬ ©¿­ ·²½«¾¿¬»¼ ·² ¿ ®»¿½¬·±²
³·¨¬«®» ½±²­·­¬·²¹ ±º °±´§ ¼ø×óÝ÷ô ë ¾·²¼·²¹ ¾«ºº»®
¿²¼ ²«½´»¿­»óº®»» ©¿¬»® º±® ë³·² ¾»º±®» ¿¼¼·¬·±² ±º ï ³´
°®±¾» ø­¬±½µ îð ²Ó÷ò Ì¸» ¬±¬¿´ ®»¿½¬·±² ª±´«³» ©¿­
ïð ³´ò Ú±® ½±³°»¬·¬·±² ¿­­¿§ô î ³´ «²´¿¾»´»¼ °®±¾» ø­¬±½µ
î ³Ó÷ ©¿­ ¿¼¼»¼ ë³·² °®·±® ¬± ¬¸» ¿¼¼·¬·±² ±º ´¿¾»´»¼
°®±¾»ò Ì¸» ®»¿½¬·±² ©¿­ ·²½«¾¿¬»¼ ¿¬ ïë ïÝ º±® íð³·²ò
Ì¸» ­¿³°´»­ ©»®» ­»°¿®¿¬»¼ ·² ¿ êû ²±²ó¼»²¿¬«®·²¹
°±´§¿½®§´¿³·¼» ¹»´ ø×²ª·¬®±¹»²ô ËÍß÷ ¿²¼ ¬®¿²­º»®®»¼
±²¬± ¿ ²§´±² ³»³¾®¿²»ò
Í²¿·ï ¿²¼ ½±²²»¨·² ìí ­·ÎÒß­ ¬®¿²­º»½¬·±²
Í¸±®¬´§ ¾»º±®» ¬®¿²­º»½¬·±²ô ïóî ïðê ØÍÝóî ½»´´­
©»®» ­»»¼»¼ ·² ïððó³³ ½»´´ ½«´¬«®» ¼·­¸»­ ¿²¼ ·²½«¾¿¬»¼
¿¬ íé ïÝò Ì¸» ­·ÎÒß ©¿­ ¿¼¼»¼ ¿¬ ¿ ²¿´ ½±²½»²¬®¿¬·±²
±º ïð ²Ó ¬± ï³´ ±º ÜóÓÛÓ ©·¬¸±«¬ ¿²¬·¾·±¬·½­ô
º±´´±©»¼ ¾§ ïîð ³´ ±º Ø·Ð»®º»½¬ ¬®¿²­º»½¬·±² ®»¿¹»²¬
øÏ·¿¹»²ô Ù»®³¿²§÷ ¿²¼ ·²½«¾¿¬»¼ º±® ïð³·²ò Ì¸»
­·ÎÒßñ¬®¿²­º»½¬·±² ®»¿¹»²¬ ­±´«¬·±² ©¿­ ¿¼¼»¼ ¼®±°ó
©·­» ¬± ¬¸» ½»´´­ ¿²¼ ·²½«¾¿¬»¼ º±® îì ±® ìè¸ò ß­ ³±½µ
½±²¬®±´ô ±²´§ Ø·Ð»®º»½¬ ®»¿¹»²¬ ©¿­ ¿¼¼»¼ ¬± ¬¸» ½»´´­ò
Ì¸» Í²¿·ï ­·ÎÒß­ «­»¼ ©»®» Î²ÁÍ²¿·ïÁï ¿²¼
Î²ÁÍ²¿·ïÁí ¿²¼ ¬¸» Ý¨ìí ­·ÎÒß­ «­»¼ ©»®»
Î²ÁÙ¶¿ïÁï ¿²¼ Î²ÁÙ¶¿ïÁë øÏ·¿¹»²ô Ù»®³¿²§÷ò
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
Ú·¹ò îò ¸ÌÙÚó¾ï ·²½®»¿­»¼ ¬¸» °¸±­°¸±®§´¿¬·±² ±º Ý¨ìí ·² ØÍÝóîò øß÷ Ú±´´±©·²¹ ê ¸ ¬®»¿¬³»²¬ ©·¬¸ ïð ²¹ñ³´ ¸ÌÙÚó¾ïô ¬¸» ½»´´­
©»®» ¸¿®ª»­¬»¼ º±® ¬±¬¿´ ½»´´ ´§­¿¬»ò Ì»² ¿²¼ º±®¬§ ³·½®±¹®¿³­ ¬±¬¿´ °®±¬»·² ©¿­ ¿°°´·»¼ º±® Ý¨ìí ¿²¼ °Ý¨ìí ¿²¿´§­·­ ·² É»­¬»®²
¾´±¬ô ®»­°»½¬·ª»´§ò ß ®»°®»­»²¬¿¬·ª» ¾´±¬ º±® ±²» ±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­ ·­ ­¸±©²ò Ì¸» ¾¿²¼ ·²¬»²­·¬·»­ ©»®» »­¬·³¿¬»¼
«­·²¹ ×³¿¹»Ö ­±º¬©¿®»ò Ì¸» »¨°®»­­·±² ±º °Ý¨ìí ©¿­ ²±®³¿´·¦»¼ ¿¹¿·²­¬ Ý¨ìíò Ì¸» ¼¿¬¿ ®»°®»­»²¬ ¬¸» ¿ª»®¿¹»éÍòÜò ±º ¬¸®»»
·²¼»°»²¼»²¬ »¨°»®·³»²¬­ øööÐ±ðòððë÷ò øÞ÷ ØÍÝóî ½»´´­ ©»®» ¬®»¿¬»¼ ©·¬¸ ë³Ó ÐÕÝ ·²¸·¾·¬±® øÞ×Ó ×÷ íð³·² ¾»º±®» ¬®»¿¬³»²¬ ©·¬¸
ïð ²¹ñ³´ ¸ÌÙÚó¾ïô ±® ©·¬¸ Þ×Ó × ±²´§ò Ì»² ³·½®±¹®¿³­ ¬±¬¿´ °®±¬»·² ©¿­ ¿°°´·»¼ º±® °Ý¨ìí ¿²¿´§­·­ ·² É»­¬»®² ¾´±¬ò ß
®»°®»­»²¬¿¬·ª» ¾´±¬ º±® ±²» ±º ¬©± ·²¼»°»²¼»²¬ »¨°»®·³»²¬­ ·­ ­¸±©²ò Ì¸» ¾¿²¼ ·²¬»²­·¬·»­ ©»®» »­¬·³¿¬»¼ «­·²¹ ×³¿¹»Ö ­±º¬©¿®»ò
øÝ÷ ØÍÝóî ½»´´­ ±² ½±ª»®­´·°­ ©»®» ­¬¿·²»¼ ©·¬¸ ¿²¬·óÝ¨ìí ¿²¼ ¿²¬·ó°Ý¨ìí Ííêè ¿²¬·¾±¼·»­ º±® ·³³«²±«±®»­½»²½»ò Ý¨ìí ©¿­
³±­¬´§ ´±½¿´·¦»¼ ·² ¬¸» ³»³¾®¿²» ø¬±°÷ô ©¸·´» °Ý¨ìí Ííêè ­¸±©»¼ ­±³» ³»³¾®¿²» ¿²¼ º±® ¬¸» ³±­¬ °¿®¬ ½§¬±­±´·½ ­¬¿·²·²¹ ø¾±¬¬±³
®·¹¸¬÷ò Ì¸» ¾±¬¬±³ ´»º¬ ·³¿¹» ­¸±©­ ¬¸» ½»´´­ ­¬¿·²»¼ ©·¬¸ ¬¸» ­»½±²¼¿®§ ¿²¬·¾±¼§ ¿´±²» ø½±²¬®±´÷ò
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíðéîî
Ý»´´ ½±«²¬·²¹
ßº¬»® ¬®»¿¬³»²¬ô ½»´´­ ©»®» ©¿­¸»¼ ±²½» ©·¬¸ ÐÞÍ ¿²¼
¼»¬¿½¸»¼ «­·²¹ ¬®§°­·²ñÛÜÌßò Ú±´´±©·²¹ ½»²¬®·º«¹¿¬·±²
¿¬ èðð ®°³ º±® ì³·²ô ¬¸» ½»´´ °»´´»¬ ©¿­ ®»­«­°»²¼»¼ ·²
ï³´ ÜóÓÛÓ ¿²¼ ¬¸» ½»´´­ ©»®» ½±«²¬»¼ «­·²¹ ¬¸»
º±®©¿®¼ ­½¿¬¬»® º«²½¬·±² ±º ¬¸» ÙËßÊß ÐÝßóçê
øÙ«¿ª¿ Ì»½¸²±´±¹·»­ô Ýßô ËÍß÷ò
Í¬¿¬·­¬·½¿´ ¿²¿´§­·­
ß´´ ¯«¿²¬·¬¿¬·ª» ®»­«´¬­ ©»®» °®»­»²¬»¼ ¿­ ³»¿²éÍòÜò
Û¨°»®·³»²¬¿´ ¼¿¬¿ ©»®» ¿²¿´§¦»¼ «­·²¹ ¬©±ó¬¿·´»¼
Í¬«¼»²¬­ ¬ó¬»­¬ ¿­­«³·²¹ »¯«¿´ ª¿®·¿²½»­ ¿²¼ ±²»ó©¿§
ßÒÑÊß ©·¬¸ Í½¸»ºº»l­ °±­¬ó¸±½ ¬»­¬ ©¸»®» ¿°°´·½¿¾´»ò
Ì¸» ½®·¬»®·±² º±® ¼¿¬¿ ­·¹²·½¿²½» ·­ ¿ °óª¿´«» ±ðòðëò
Ì¸» °óª¿´«»­ °®»­»²¬»¼ ·² ¬¸» ¹«®» ´»¹»²¼­ ¿®» ¾¿­»¼ ±²
¬¸» Í¬«¼»²¬­ ¬ó¬»­¬ô «²´»­­ ±¬¸»®©·­» ­¬¿¬»¼ò
Î»­«´¬­
¸ÌÙÚó¾ï ¼±©²ó®»¹«´¿¬»­ Ý¨ìí ¬®¿²­½®·°¬ ¿²¼
°®±¬»·² »¨°®»­­·±²
Ì± »¨¿³·²» ¬¸» ®»¹«´¿¬·±² ±º Ý¨ìí ³ÎÒßô ØÍÝóî
½»´´­ ©»®» ­¬·³«´¿¬»¼ ©·¬¸ °®±ó¾®±¹»²·½ ¸ÌÙÚó¾ï º±®
ïð ¸ò Î»¿´ó¬·³» ÐÝÎ ¼¿¬¿ ­¸±©»¼ ¬¸¿¬ ï ²¹ñ³´ ¿²¼
ïð ²¹ñ³´ ¸ÌÙÚó¾ï ´»¼ ¬± ¿ íðû ¿²¼ ìëû ¼»½®»¿­» ±º
Ý¨ìí ¬®¿²­½®·°¬­ô ®»­°»½¬·ª»´§ øÚ·¹ò ïß÷ò ×² ¿¼¼·¬·±²ô ©»
¿´­± ±¾­»®ª»¼ ¬¸¿¬ ¸ÌÙÚó¾ï ¼±©²ó®»¹«´¿¬»¼ Ý¨ìí
°®±¬»·² øÚ·¹ò ïÞ ¿²¼ Ý÷ò Í·³·´¿® ¬®»²¼­ ·² Ý¨ìí
³ÎÒß ¿²¼ °®±¬»·² ®»¹«´¿¬·±² ©»®» ±¾­»®ª»¼ ©¸»²
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
Ú·¹ò íò ÚÎßÐ ¿²¿´§­·­ ±º ¹¿° ¶«²½¬·±² ·²¬»®½»´´«´¿® ½±³³«²·½¿¬·±² ·² ØÍÝóîò Ý»´´­ ©»®» ·²½«¾¿¬»¼ ©·¬¸ ëôêó½¿®¾±¨§«±®»­½»·²
¼·¿½»¬¿¬» ·² ½«´¬«®» ³»¼·«³ ©·¬¸±«¬ °¸»²±´ ®»¼ º±® íð³·²ò ßº¬»® ®·²­·²¹ô ½»´´­ ©»®» ¿²¿´§¦»¼ ¿¬ ®±±³ ¬»³°»®¿¬«®»ò Ô»º¬ °¿²»´æ
×³¿¹» ±º ¬¸» ¬¿®¹»¬ ½»´´ ¾»º±®» ¾´»¿½¸·²¹ ø¿®®±©÷ò Ó·¼¼´» °¿²»´æ ×³¿¹» ±º ¬¸» ¬¿®¹»¬ ½»´´ ¿º¬»® ¾´»¿½¸·²¹ò Î·¹¸¬ °¿²»´æ ×³¿¹» ±º ¬¸»
¬¿®¹»¬ ½»´´ ¿º¬»® ïë³·² ±º «±®»­½»²½» ®»½±ª»®§ò øß÷ Ò± ®»½±ª»®§ ±º «±®»­½»²½» ·² ¿² ·­±´¿¬»¼ ½»´´ ©¿­ ±¾­»®ª»¼ò øÞ÷ ß ½±²¬¿½¬·²¹
½»´´ ©¿­ »¨¿³·²»¼ò Î»½±ª»®§ ±º «±®»­½»²½» ·² ¬¸» ¬¿®¹»¬ ½»´´ ©¿­ ½¿«­»¼ ¾§ ·²«¨ ±º ¼§» º®±³ ¿¼¶¿½»²¬ ½»´´­ò øÝ÷ ß ®»°®»­»²¬¿¬·ª»
»¨°»®·³»²¬¿´ ½«®ª» ¼»°·½¬­ ¬¸» ¹®¿¼«¿´ ·²½®»¿­» ·² «±®»­½»²½» ·²¬»²­·¬§ ¿º¬»® ¾´»¿½¸·²¹ ±º ¿ ½±²¬¿½¬·²¹ ½»´´ò Ì¸» ¼¿¬¿ ©»®» ¬¬»¼ ¬±
¬¸» ®»½±ª»®§ º«²½¬·±² ¬± ½¿´½«´¿¬» ¬¸» ¬·³» ½±²­¬¿²¬ ±º ®»½±ª»®§ ø¬÷ò øÜ÷ Ý»´´­ ©»®» ¬®»¿¬»¼ ©·¬¸ ïð ²¹ñ³´ ¸ÌÙÚó¾ï ¿´±²»ô ë ³Ó Þ×Ó
× ¿²¼ ïð ²¹ñ³´ ¸ÌÙÚó¾ï ±® ìð ³Ó ½¿®¾»²±¨±´±²» º±® ê¸ ¾»º±®» ÚÎßÐ ¿²¿´§­·­ò Ì¸» ¬®¿²­º»® ½±²­¬¿²¬ øµ÷ ©¿­ ½¿´½«´¿¬»¼ º®±³ µã
ïñ¬ ¿²¼ ²±®³¿´·¦»¼ ¾§ ¼·ª·¼·²¹ ¾§ ¬¸» ²«³¾»® ±º ½»´´­ ·² ½±²¬¿½¬ ©·¬¸ ¬¸» ¬¿®¹»¬ ½»´´ò Ì¸» ¼¿¬¿ ®»°®»­»²¬ ¬¸» ¿ª»®¿¹»éÍòÜò
øöÐ±ðòðëô ööÐ±ðòððë÷ò
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíð éîí
ïð ¼¿§­ ·² ª·¬®± ¿½¬·ª¿¬»¼ °®·³¿®§ ØÍÝ­ ©»®» ­«¾¶»½¬»¼
¬± ¸ÌÙÚó¾ï ¬®»¿¬³»²¬ øÚ·¹ò ïßÝ÷ò
¸ÌÙÚó¾ï ·²½®»¿­»­ ¬¸» °¸±­°¸±®§´¿¬·±² ±º Ý¨ìí
ßº¬»® ¸ÌÙÚó¾ï ­«°°´»³»²¬ô ©» ±¾­»®ª»¼ ¿² ·²½®»¿­»
·² ¬¸» °¸±­°¸±®§´¿¬·±² ±º Ý¨ìí ¿¬ ­»®·²» íêè øÚ·¹ò îß÷ô
©¸·½¸ ·­ ¿¬¬®·¾«¬»¼ ¬± ¿² ·²½®»¿­» ·² ¬¸» °®±°±®¬·±² ±º
°Ý¨ìí Ííêè ·² ¬¸» ¬±¬¿´ ø¼»½®»¿­·²¹÷ °±±´ ±º Ý¨ìíò
Ì¸» ¿«¬¸»²¬·½·¬§ ±º ¬¸» °Ý¨ìí ¾¿²¼ ©¿­ ª¿´·¼¿¬»¼ ¾§
·¬­ ¼·­¿°°»¿®¿²½» ¿º¬»® ´ó°¸±­°¸¿¬¿­» ¬®»¿¬³»²¬
øÚ·¹ò îß÷ò Ð®»ó¬®»¿¬³»²¬ ±º ¬¸» ½»´´­ ©·¬¸ ¬¸» °®±¬»·²
µ·²¿­» Ý øÐÕÝ÷ ·²¸·¾·¬±® Þ×Ó × º±´´±©»¼ ¾§ ¸ÌÙÚó¾ï
®»¼«½»­ ¬¸» °¸±­°¸±®§´¿¬·±² ±º Ý¨ìí ¿¬ ­»®·²» íêè
øÚ·¹ò îÞ÷ò
É» ¿´­± °»®º±®³»¼ ·³³«²±«±®»­½»²½» ­¬¿·²·²¹ º±®
Ý¨ìí ¿²¼ °Ý¨ìí Ííêè ¬± ­¬«¼§ ¬¸» ½»´´«´¿® ¼·­¬®·¾«¬·±²
±º °Ý¨ìí Ííêè ·² ØÍÝóî ½»´´­ò Ý¨ìí ·­ô ¬± ¿ ¹®»¿¬ »¨¬»²¬ô
¼·­¬®·¾«¬»¼ ¿´±²¹ ¬¸» ³»³¾®¿²» ©¸»®»¿­ ¬¸» °Ý¨ìí
Ííêè ­¸±©­ ¿ ¼·ºº«­»¼ ±® ­°±¬¬»¼ ­¬¿·²·²¹ ·² ¬¸»
½§¬±°´¿­³ ©·¬¸ ­±³» ³»³¾®¿²» ´±½¿´·¦¿¬·±² øÚ·¹ò îÝô
¿®®±©­÷ò
¸ÌÙÚó¾ï ¼»½®»¿­»­ ¹¿° ¶«²½¬·±² ·²¬»®½»´´«´¿®
½±³³«²·½¿¬·±² ¾»¬©»»² ØÍÝ­
Ý¨ìí ·­ ¬¸» ³¿¶±® ¹¿° ¶«²½¬·±² °®±¬»·² »¨°®»­­»¼ ·²
ØÍÝ­ ¿²¼ ¸¿­ ¾»»² ­¸±©² ¬± º±®³ º«²½¬·±²¿´ ¹¿°
¶«²½¬·±²­ øÚ·­½¸»® »¬ ¿´òô îððë÷ò É» «­»¼ ¬¸» ¹¿°óÚÎßÐ
¬»½¸²·¯«» øß¾¾¿½· »¬ ¿´òô îððé÷ ¬± ¿²¿´§¦» ¬¸» ÙÖ×Ý
¾»¬©»»² ØÍÝ­ò ×² ±®¼»® ¬± ª¿´·¼¿¬» ¬¸·­ ³»¬¸±¼ô ©»
·´´«­¬®¿¬»¼ ¬¸¿¬ ¬¸»®» ·­ ²± ­°±²¬¿²»±«­ ®»½±ª»®§ ±º
«±®»­½»²½» ·² ¿² ·­±´¿¬»¼ ¾´»¿½¸»¼ ½»´´ øÚ·¹ò íßô
¿®®±©÷ô ©¸»®»¿­ ¿ ½±²¬¿½¬·²¹ ½»´´ ®»½±ª»®­ ¿¾±«¬ ëðû
±º ·¬­ «±®»­½»²½» øÚ·¹ò íÞô ¿®®±©÷ò Ì¸·­ ¼»³±²­¬®¿¬»¼
¬¸¿¬ ©» ·²¼»»¼ ¿®» ³»¿­«®·²¹ ¬¸» ¬®¿²­º»® ±º ¼§» º®±³ ¿²
«²¾´»¿½¸»¼ ¬± ¿ ¾´»¿½¸»¼ ½»´´ ª·¿ ¹¿° ¶«²½¬·±²­ ¿²¼ ²±¬
¿ ®»½±ª»®§ ±º ¬¸» «±®»­½»²½» ­·¹²¿´ ¿­ ­«½¸ò Ú·¹ò íÝ ·­ ¿
®»°®»­»²¬¿¬·ª» ¹®¿°¸ô ¼»°·½¬·²¹ ¬¸» ®»½±ª»®§ º«²½¬·±²
¬¬»¼ ¬± ¬¸» »¨°»®·³»²¬¿´ ¼¿¬¿ò Ý¿®¾»²±¨±´±²» ·­ ¿²
»­¬¿¾´·­¸»¼ ÙÖ×Ý ·²¸·¾·¬±® øÜ±´´ »¬ ¿´òô ïçêè÷ò ×² ±«®
½¿­»ô ½¿®¾»²±¨±´±²» ®»¼«½»¼ ¬¸» ¼§» ¬®¿²­º»® ®¿¬» øµ÷ ¬±
¿´³±­¬ ëðû øÚ·¹ò íÜ÷ò Ì¸·­ ®»­«´¬ ­»®ª»­ ¿­ ¿ °±­·¬·ª»
½±²¬®±´ º±® ¬¸» ®»´·¿¾·´·¬§ ±º ¬¸» ¹¿°óÚÎßÐ ¬»½¸²·¯«»
¬± ³»¿­«®» ½¸¿²¹»­ ·² ÙÖ×Ýò Ñ«® ²¼·²¹­ ­¸±©»¼
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
Ú·¹ò ìò ß²¿´§­·­ ±º Ý¨ìí ¿²¼ Í²¿·ï ¬®¿²­½®·°¬ ¿²¼ °®±¬»·² ´»ª»´ ¿º¬»® ¸ÌÙÚó¾ï ¬®»¿¬³»²¬ ±® Í²¿·ï ­·ÎÒß ¬®¿²­º»½¬·±²ò Ì¸» ³ÎÒß
»¨°®»­­·±² ±º Ý¨ìí ¿²¼ Í²¿·ï ©¿­ ¿²¿´§¦»¼ ¾§ ¯«¿²¬·¬¿¬·ª» ®»¿´ó¬·³» ÐÝÎ ¿²¼ ·­ ­¸±©² ¿­ º±´¼ ½¸¿²¹» ®»´¿¬·ª» ¬± ¬¸» ½±²¬®±´ò
Ð®±¬»·² »¨°®»­­·±² ©¿­ ¼»¬»®³·²»¼ ¾§ É»­¬»®² ¾´±¬ò ß ®»°®»­»²¬¿¬·ª» ¾´±¬ º±® ±²» ±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­ ·­ ­¸±©²ò Ì¸»
²«³¾»®­ ®»°®»­»²¬ ¬¸» ¾¿²¼ ·²¬»²­·¬·»­ ²±®³¿´·¦»¼ ¿¹¿·²­¬ ¾ó¿½¬·²ô ©¸·½¸ ©»®» »­¬·³¿¬»¼ «­·²¹ ×³¿¹»Ö ­±º¬©¿®»ò øß÷ ØÍÝóî ¿²¼ ïð
¼¿§­ ·² ª·¬®± ¿½¬·ª¿¬»¼ °®·³¿®§ ØÍÝ­ ø°ØÍÝ­÷ ©»®» ¬®»¿¬»¼ ©·¬¸ ï ¿²¼ ïð ²¹ñ³´ ¸ÌÙÚó¾ï º±® ïð ¸ò Ü¿¬¿ ®»°®»­»²¬ ¬¸» ³»¿²éÍòÜò
±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­ øöÐ±ðòðëô ööÐ±ðòððë÷ò øÞ÷ ØÍÝóî ½»´´­ ©»®» ¬®¿²­º»½¬»¼ ©·¬¸ Í²¿·ï ­·ÎÒß­ ï ±® í º±® îì ¸ò Ì¸»®»
·­ ¿ ¼»½®»¿­» ·² Í²¿·ïô ¿²¼ ¿ ½±®®»´¿¬»¼ ·²½®»¿­» ·² Ý¨ìí ±² ¾±¬¸ ¬¸» ³ÎÒß ¿²¼ °®±¬»·² ´»ª»´ò Ì¸» ³ÎÒß ¼¿¬¿ ®»°®»­»²¬ ¬¸»
³»¿²éÍòÜò ±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­ øöÐ±ðòððë÷ò øÝ÷ ØÍÝóî ½»´´­ ©»®» ¬®»¿¬»¼ ©·¬¸ ïð²¹ñ³´ ¸ÌÙÚó¾ïò Ý»´´­ ©»®»
¸¿®ª»­¬»¼ ¿º¬»® îô ê ¿²¼ ïð ¸ º±® ³ÎÒß ­¬«¼·»­ò Ì¸» ³ÎÒß ¼¿¬¿ ®»°®»­»²¬ ¬¸» ³»¿²éÍòÜò ±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­
øöÐ±ðòðëô ööÐ±ðòððë ½±³°¿®»¼ ¬± ð ¸ô ßÒÑÊß÷ò øÜ÷ ØÍÝóî ½»´´­ ©»®» ¬®»¿¬»¼ ©·¬¸ ïð²¹ñ³´ ¸ÌÙÚó¾ïò Ý»´´­ ©»®» ¸¿®ª»­¬»¼ ¿º¬»®
ïðô îì ¿²¼ íð ¸ º±® É»­¬»®² ¾´±¬ ¿²¿´§­·­ ±º Í²¿·ï ¿²¼ Ý¨ìíò ß ®»°®»­»²¬¿¬·ª» ¾´±¬ º±® ±²» ±º ¬©± »¨°»®·³»²¬­ ·­ ­¸±©²ò Ì¸»
²«³¾»®­ ®»°®»­»²¬ ¬¸» ¾¿²¼ ·²¬»²­·¬·»­ ²±®³¿´·¦»¼ ¿¹¿·²­¬ ¾ó¿½¬·²ô ©¸·½¸ ©»®» »­¬·³¿¬»¼ «­·²¹ ×³¿¹»Ö ­±º¬©¿®»ò
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíðéîì
¬¸¿¬ ¬¸» ¬®¿²­º»® ®¿¬» ±º ¬¸» «±®»­½»²¬ ¼§» ëôêó
½¿®¾±¨§«±®»­½»·² ¼·¿½»¬¿¬» ©¿­ ­·¹²·½¿²¬´§ ´±©»® ·²
¸ÌÙÚó¾ïó¬®»¿¬»¼ ØÍÝ­ øÚ·¹ò íÜ÷ô ·³°´§·²¹ ®»¼«½»¼
ÙÖ×Ý ·² ¬¸»­» ½»´´­ ·² ½±³°¿®·­±² ¬± ÐÞÍó¬®»¿¬»¼ ØÍÝ­
ø½±²¬®±´÷ò Ì¸» ÌÙÚó¾ïó·²¼«½»¼ ¼±©²ó®»¹«´¿¬·±² ±º
ÙÖ×Ý ©¿­ º±«²¼ ¬± ¾» ¿¬¬»²«¿¬»¼ ©¸»² ¬¸» ½»´´­ ©»®»
¬®»¿¬»¼ ©·¬¸ Þ×Ó ×ô °®·±® ¬± ¬¸» ¿¼¼·¬·±² ±º ¸ÌÙÚó¾ï
øÚ·¹ò íÜ÷ò
ÌÙÚó¾ï ¼±©²ó®»¹«´¿¬»­ Ý¨ìí »¨°®»­­·±² ª·¿ Í²¿·ï
ÌÙÚó¾ï ·­ µ²±©² ¬± «°ó®»¹«´¿¬» ¬¸» »¨°®»­­·±²
±º Í²¿·ïô ¿ ¦·²½ ²¹»® ¬®¿²­½®·°¬·±² º¿½¬±® ·²ª±´ª»¼
·² »°·¬¸»´·¿´ó³»­»²½¸§³¿´ ¬®¿²­·¬·±² øÛÓÌ÷ øÐ»·²¿¼±
»¬ ¿´òô îððí÷ò Í²¿·ïô ±² ¬¸» ±¬¸»® ¸¿²¼ô ·­ ²»½»­­¿®§ º±®
¬¸» ®»°®»­­·±² ±º ¬¸» ¬®¿²­½®·°¬·±² ±º Ûó½¿¼¸»®·² ·²
»°·¬¸»´·¿´ ¬«³±® ½»´´­ ¿²¼ Ý¨ìí ¼«®·²¹ ÛÓÌ øÞ¿¬´´»
»¬ ¿´òô îðððå ¼» Þ±»® »¬ ¿´òô îððé÷ò Ì¸»®»º±®»ô ©»
¸§°±¬¸»­·¦» ¬¸¿¬ ÌÙÚó¾ï ³»¼·¿¬»­ ¬¸» ¼±©²ó®»¹«´¿¬·±²
±º Ý¨ìí ³ÎÒß ¬¸®±«¹¸ Í²¿·ïò Ú·¹ò ìß ­¸±©­ ¬¸¿¬
¸ÌÙÚó¾ï ·²¼«½»¼ ¬¸» Í²¿·ï ³ÎÒß ·² ±«® ½»´´ ´·²»
ØÍÝóî ¿²¼ ·² ·² ª·¬®± ¿½¬·ª¿¬»¼ °®·³¿®§ ØÍÝ­ò
Ì®¿²­º»½¬·±² ±º ØÍÝóî ©·¬¸ ¬©± Í²¿·ïó­°»½·½ ­·ÎÒß­
øï ¿²¼ í÷ ´»¼ ¬± ¿ ¼±©²ó®»¹«´¿¬·±² ±º Í²¿·ï ³ÎÒß ¿²¼
°®±¬»·² ¾§ ¿´³±­¬ ëð °»®½»²¬ øÚ·¹ò ìÞ÷ò Ý±²½«®®»²¬´§ô ©»
±¾­»®ª»¼ ¬¸¿¬ ¬¸» Ý¨ìí ©¿­ «°ó®»¹«´¿¬»¼ ±² ¬¸» ³ÎÒß
øíïû ¿²¼ ìíû÷ ¿²¼ °®±¬»·² øïèû ¿²¼ îíû÷ ´»ª»´
º±´´±©·²¹ Í²¿·ï ­·ÎÒß ï ¿²¼ í ¬®¿²­º»½¬·±²ô ®»­°»½¬·ª»´§
øÚ·¹ò ìÞ÷ò ×² ±®¼»® ¬± º«®¬¸»® ­«°°±®¬ ¬¸» °®±°±­·¬·±²
¬¸¿¬ ¬¸» ®»¹«´¿¬·±² ±º Ý¨ìí ½±«´¼ ·² °¿®¬ ¾» ³»¼·¿¬»¼ ¾§
Í²¿·ïô ©» ½±«´¼ ­¸±© ¬¸¿¬ ¬¸»®» ·­ ¿² ·²½®»¿­» ·² Í²¿·ïô
©¸·½¸ ½±®®»­°±²¼­ ¬± ¿ ¼»½®»¿­» ·² Ý¨ìíô ±² ¾±¬¸ ¬¸»
¬®¿²­½®·°¬ ¿²¼ °®±¬»·² »¨°®»­­·±² ¿º¬»® ¸ÌÙÚó¾ï
¬®»¿¬³»²¬ «° ¬± íð ¸ øÚ·¹ò ìÝ ¿²¼ Ü÷ò
Ò«½´»¿® »¨¬®¿½¬­ ±º ØÍÝ­ ¾·²¼ ¬± ¬¸» Í²¿·ï
½±²­»²­«­ ­»¯«»²½» ·² ¬¸» Ý¨ìí °®±³±¬»®
Ì± º«®¬¸»® ¿­­»­­ ¬¸» °±­­·¾·´·¬§ ¬¸¿¬ Í²¿·ï ¸¿­ ¬¸»
°±¬»²¬·¿´ ¬± ®»¹«´¿¬» Ý¨ìí ¹»²» »¨°®»­­·±²ô ¿² »´»½¬®±ó
°¸±®»¬·½ ³±¾·´·¬§ ­¸·º¬ ¿­­¿§ ©¿­ °»®º±®³»¼ «­·²¹ ¿
¾·±¬·²§´¿¬»¼ ±´·¹±²«½´»±¬·¼» °®±¾» ¾¿­»¼ ±² ¬¸» ®¿¬
Ý¨ìí °®±³±¬»® ½±²¬¿·²·²¹ ¬¸» Í²¿·ï ½±²­»²­«­ ­»¯«»²½»
øÝßÙÙÌÙ÷ ¿²¼ ²«½´»¿® »¨¬®¿½¬ º®±³ ïî ¼¿§­ ·² ª·¬®±
¿½¬·ª¿¬»¼ ØÍÝ­ò Ì¸·­ ½±²­»²­«­ ­»¯«»²½» ·­ ­·¬«¿¬»¼
ïìïî ¾° «°ó­¬®»¿³ ±º ¬¸» ¬®¿²­½®·°¬·±² ·²·¬·¿¬·±² ­·¬»ò
Ì¸» ¾·²¼·²¹ ±º Í²¿·ï ¬± ·¬­ ½±²­»²­«­ ­»¯«»²½» ©¿­
ª·­«¿´·¦»¼ ¾§ ¿ ³±¾·´·¬§ ­¸·º¬ ±º ¬¸» ±´·¹±²«½´»±¬·¼»
°®±¾» ·² ¿ êû °±´§¿½®§´¿³·¼» ¹»´ øÚ·¹ò ëßô ´¿²» ï÷ò Ì¸·­
¾·²¼·²¹ ½±«´¼ ¾» ½±³°»¬»¼ ¿©¿§ ¾§ ¿ îððóº±´¼ »¨½»­­ ±º
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
Ú·¹ò ëò Þ·²¼·²¹ ±º Í²¿·ï ¬± ¬¸» °±¬»²¬·¿´ Í²¿·ï ®»½±¹²·¬·±² ­»¯«»²½» øÝßÙÙÌÙ÷ ·² ¬¸» ®¿¬ Ý¨ìí °®±³±¬»®ò øß÷ ÛÓÍß ©¿­
°»®º±®³»¼ «­·²¹ ë³¹ ²«½´»¿® »¨¬®¿½¬ ±º ïî ¼¿§­ ·² ª·¬®± ¿½¬·ª¿¬»¼ ØÍÝ­ò Ô¿²» ïæ ß ¸·¹¸»® ³±´»½«´¿® ©»·¹¸¬ ¾¿²¼ »²­«·²¹ ¬¸»
¾·²¼·²¹ ±º Í²¿·ï ¬± ¬¸» ±´·¹±²«½´»±¬·¼» °®±¾» ©¿­ ±¾­»®ª»¼ò Ô¿²» îæ ×² ¬¸» ½±³°»¬·¬·±² ®»¿½¬·±² «­·²¹ ¿ îððóº±´¼ »¨½»­­ ±º «²´¿¾»´»¼
±´·¹±²«½´»±¬·¼»ô ²± ­¸·º¬ ·² ¾¿²¼ ©¿­ ±¾­»®ª»¼ò Ô¿²» íæ Ò± ­¸·º¬ ©¿­ ­»»² ·² ¬¸» ¿¾­»²½» ±º ²«½´»¿® »¨¬®¿½¬ ·² ¬¸» ®»¿½¬·±²ò Ô¿²» ìæ
Ì¸» ³«¬¿¬»¼ ±´·¹±²«½´»±¬·¼» °®±¾» ©¿­ «²¿¾´» ¬± ¾·²¼ ¬± Í²¿·ï ·² ¬¸» ²«½´»¿® »¨¬®¿½¬ò øÞ÷ ÛÓÍß ©¿­ °»®º±®³»¼ «­·²¹ ë³¹ ²«½´»¿®
»¨¬®¿½¬ ±º ØÍÝóî ¬®»¿¬»¼ ©·¬¸ ïð ²¹ñ³´ ¸ÌÙÚó¾ï º±® î ¸ ±® Í²¿·ï ­·ÎÒß­ º±® îì ¸ò Ì¸»®» ·­ ¿² ·²½®»¿­» ·² ¬¸» ·²¬»²­·¬§ ±º ¬¸» ¾¿²¼ô
½±®®»­°±²¼·²¹ ¬± ¬¸» Í²¿·ïó±´·¹±²«½´»±¬·¼» ½±³°´»¨ô ±º ¬¸» ¸ÌÙÚó¾ïó¬®»¿¬»¼ ØÍÝóî ·² ½±³°¿®·­±² ¬± «²¬®»¿¬»¼ ØÍÝóîò Ñ² ¬¸»
±¬¸»® ¸¿²¼ô ¬¸»®» ·­ ¿ ¼»½®»¿­» ·² ¬¸» ·²¬»²­·¬§ ±º ¬¸» ¹»´ ­¸·º¬ ¾¿²¼ ·² ¬¸» Í²¿·ï ­·ÎÒß­ó¬®¿²­º»½¬»¼ ½»´´­ ©¸»² ½±³°¿®»¼ ¬± ¬¸»
³±½µó¬®¿²­º»½¬»¼ ½»´´­ò Ì¸» ÌßÌßó¾·²¼·²¹ °®±¬»·² øÌÞÐ÷ »¨°®»­­·±² ­»®ª»­ ¿­ ¿ ´±¿¼·²¹ ½±²¬®±´ò
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíð éîë
½±´¼ ø«²´¿¾»´»¼÷ °®±¾» øÚ·¹ò ëßô ´¿²» î÷ò ×² ¿¼¼·¬·±²ô ²±
­·¹²¿´ ©¿­ ¼»¬»½¬»¼ ·² ¬¸» ¿¾­»²½» ±º ²«½´»¿® »¨¬®¿½¬
øÚ·¹ò ëßô ´¿²» í÷ô ¿²¼ ©¸»² ¿ ³«¬¿¬»¼ ¾·±¬·²§´¿¬»¼
°®±¾» øÝßÙÙßß÷ ©¿­ «­»¼ øÚ·¹ò ëßô ´¿²» ì÷ô ·²¼·½¿¬·²¹
¬¸¿¬ ¬¸» ¾·²¼·²¹ ±¾­»®ª»¼ ©¿­ ­°»½·½ò Í·³·´¿® ®»­«´¬­
©»®» ¿´­± ±¾¬¿·²»¼ ©·¬¸ ²«½´»¿® »¨¬®¿½¬ ±º ¬¸» ½»´´ ´·²»
ØÍÝóî ø¼¿¬¿ ²±¬ ­¸±©²÷ò Ô·µ»©·­»ô «­·²¹ ²«½´»¿® »¨¬®¿½¬
±º ØÍÝóî ¬®»¿¬»¼ ©·¬¸ ïð ²¹ñ³´ ¸ÌÙÚó¾ï ®»­«´¬»¼ ·² ¿
³±®» ·²¬»²­» ¾¿²¼ô ©¸·´» ½»´´­ ¬®¿²­º»½¬»¼ ©·¬¸ Í²¿·ï
­·ÎÒß­ °®±¼«½»¼ ©»¿µ»® ¾¿²¼­ øÚ·¹ò ëÞ÷ô º«®¬¸»®
»¨»³°´·º§·²¹ ¬¸» ­°»½·½·¬§ ±º ¬¸» ¾·²¼·²¹ ¾»¬©»»²
Í²¿·ï ¿²¼ ·¬­ ½±²­»²­«­ ­»¯«»²½» ·² ¬¸» Ý¨ìí
°®±³±¬»®ò
Ý±²²»¨·² ìí ®»¹«´¿¬»­ ØÍÝ °®±´·º»®¿¬·±²
ÌÙÚó¾ï ·­ µ²±©² ¬± ®»¹«´¿¬» ¬¸» °®±´·º»®¿¬·±² ±º ½»´´­ò
Ì¸» »ºº»½¬ ±² ¬¸» °®±´·º»®¿¬·±² ±º ØÍÝóî ©¿­ ¼»³±²ó
­¬®¿¬»¼ «­·²¹ ½»´´ ½±«²¬ ¿²¼ ·³³«²±¾´±¬ ¿²¿´§­·­ ±º ¬¸»
°®±´·º»®¿¬·±² ³¿®µ»®ô °®±´·º»®¿¬·²¹ ½»´´ ²«½´»¿® ¿²¬·¹»²
øÐÝÒß÷ò Ì®»¿¬³»²¬ ±º ØÍÝóî ©·¬¸ ¸ÌÙÚó¾ï ´»¼ ¬± ¿
­·¹²·½¿²¬ ®»¼«½¬·±² ·² ¬¸» ½»´´ ²«³¾»® øÚ·¹ò êß÷ô ¿­ ©»´´
¿­ ·² ¬¸» »¨°®»­­·±² ±º ÐÝÒß ¿²¼ Ý¨ìí øÚ·¹ò êÞ ¿²¼ Ý÷ò
ß°¿®¬ º®±³ ÙÖ×Ýô ©» ¿´­± ·²ª»­¬·¹¿¬»¼ ¬¸» ®»´»ª¿²½» ±º
Ý¨ìí ·² ¬¸» ÌÙÚó¾ïó¼»°»²¼»²¬ ®»¹«´¿¬·±² ±º ØÍÝ
°®±´·º»®¿¬·±² ¾§ «­·²¹ Ý¨ìí ­·ÎÒß ¬± ¿¬¬»²«¿¬» Ý¨ìí
³ÎÒß ´»ª»´ò Ì®¿²­º»½¬·±² ±º Ý¨ìíó­°»½·½ ­·ÎÒß ï
¿²¼ ë ·²¬± ØÍÝóî ½¿«­»¼ ¼±©²ó®»¹«´¿¬·±² ±º Ý¨ìí
³ÎÒß ¾§ ¿¾±«¬ êëû ·² ¾±¬¸ ½¿­»­ô ¼»³±²­¬®¿¬·²¹ ¬¸»
»º½¿½§ ±º ¬¸» ­·ÎÒß­ øÚ·¹ò éß÷ò É» °»®º±®³»¼ ½»´´
½±«²¬·²¹ ¿º¬»® ìè ¸ ¬®»¿¬³»²¬ ©·¬¸ Ý¨ìí ­·ÎÒß ï ¿²¼ ë
¬± ¿­­»­­ ½»´´ °®±´·º»®¿¬·±²ò ß ­·¹²·½¿²¬ ¼»½´·²» ·² ¬¸»
¬±¬¿´ ²«³¾»® ±º ½»´´­ ¿º¬»® ¬®¿²­º»½¬·±² ©·¬¸ Ý¨ìí
­·ÎÒß­ ·² ½±³°¿®·­±² ¬± ³±½µó¬®¿²­º»½¬»¼ ½»´´­ ©¿­
±¾­»®ª»¼ øÚ·¹ò éÞ÷ò Í·³·´¿®´§ô Ý¨ìí ­·ÎÒß­ ¿´­± ´»¼ ¬± ¿
®»¼«½¬·±² ·² ¬¸» »¨°®»­­·±² ±º Ý¨ìí °®±¬»·² øÚ·¹ò éÝ ¿²¼
Ü÷ô ¶«­¬·º§·²¹ ¬¸» ¿­­«³°¬·±² ¬¸¿¬ ¬¸» Ý¨ìí °®±¬»·²
½±«´¼ ¾» ®»­°±²­·¾´» º±® ¬¸·­ ¼»½´·²» ·² °®±´·º»®¿¬·±²ò
Ú«®¬¸»®³±®»ô ©» ²±¬·½»¼ ¿ ´±©»® »¨°®»­­·±² ±º ÐÝÒß ·²
Ý¨ìí ­·ÎÒß­ó¬®¿²­º»½¬»¼ ½»´´­ ¬¸¿² ·² ³±½µó¬®¿²­º»½¬»¼
½»´´­ øÚ·¹ò éÝ ¿²¼ Ü÷ò É» ¿´­± º±«²¼ ¬¸¿¬ ¬¸» ÌÙÚó¾ïó
·²¼«½»¼ ¼±©²ó®»¹«´¿¬·±² ±º ½»´´ °®±´·º»®¿¬·±² ©¿­
¿¬¬»²«¿¬»¼ ¾§ ¬®¿²­º»½¬·²¹ ØÍÝóî ½»´´­ ©·¬¸ Í²¿·ï
­·ÎÒß øÚ·¹ò èß ¿²¼ Þ÷ò
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
Ú·¹ò êò ¸ÌÙÚó¾ï ¼»½®»¿­»¼ ¬¸» °®±´·º»®¿¬·±² ±º ØÍÝóî ½»´´­ ¿­ ¿­­»­­»¼ ¾§ ½»´´ ²«³¾»® ¿²¼ »¨°®»­­·±² ±º ¬¸» °®±´·º»®¿¬·±² ³¿®µ»®
ÐÝÒßò Ý»´´­ ©»®» ¬®»¿¬»¼ ©·¬¸ ïð ²¹ñ³´ ¸ÌÙÚó¾ï º±® ìè ¸ °®·±® ¬± ¿²¿´§­·­ò øß÷ Ý»´´­ ©»®» ¬®§°­·²·¦»¼ ¿²¼ ½±«²¬»¼ ¿­ ¼»­½®·¾»¼ ·²
Ó¿¬»®·¿´­ ¿²¼ ³»¬¸±¼­ò Ì¸» ¼¿¬¿ ®»°®»­»²¬ ¬¸» ¿ª»®¿¹»éÍòÜò ±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­ øöÐ±ðòðë÷ò øÞ÷ Ì»² ³·½®±¹®¿³­
¬±¬¿´ °®±¬»·² ©¿­ ¿°°´·»¼ º±® Ý¨ìí ¿²¼ ÐÝÒß ¿²¿´§­·­ ·² É»­¬»®² ¾´±¬ò ß ®»°®»­»²¬¿¬·ª» ¾´±¬ º±® ±²» ±º ¬¸®»» ·²¼»°»²¼»²¬
»¨°»®·³»²¬­ ·­ ­¸±©²ò øÝ÷ Ì¸» ¾¿²¼ ·²¬»²­·¬·»­ ©»®» »­¬·³¿¬»¼ «­·²¹ ×³¿¹»Ö ¿²¼ ²±®³¿´·¦»¼ ¿¹¿·²­¬ ¬¸» ´±¿¼·²¹ ½±²¬®±´ ¾ó¿½¬·²ò Ì¸»
¼¿¬¿ ®»°®»­»²¬ ¬¸» ¿ª»®¿¹»éÍòÜò ±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­ øöÐ±ðòðëô ööÐ±ðòððë÷ò
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíðéîê
Ü·­½«­­·±²
ß¼¶¿½»²¬ ½»´´­ ½¿² ½±³³«²·½¿¬» ¬± »¿½¸ ±¬¸»® ¾§
»¨½¸¿²¹·²¹ ·±²­ ¿²¼ ­³¿´´ ³±´»½«´»­ ¬¸®±«¹¸ ¬¸»·® ¹¿°
¶«²½¬·±²­ ·² ±®¼»® ¬± ³¿·²¬¿·² ½»´´«´¿® ¸±³»±­¬¿­·­
øÔ±»©»²­¬»·²ô ïçèï÷ò Ú·­½¸»® »¬ ¿´ò øîððë÷ °®±ª·¼»¼
»ª·¼»²½» ¬¸¿¬ Ý¨ìí ·­ ¬¸» ³¿¶±® ¹¿° ¶«²½¬·±² °®±¬»·²
»¨°®»­­»¼ ·² ¬¸» ØÍÝ­ò ×² ¬¸» ­¿³» ­¬«¼§ô ´±²¹ó¬»®³
·²½«¾¿¬·±² ±º ØÍÝ­ ©·¬¸ ­»ª»®¿´ »ºº»½¬±®­ ¬¸¿¬ °´¿§
·³°±®¬¿²¬ ®±´»­ ·² ¾®±¹»²»­·­ô ·²½´«¼·²¹ ÐÜÙÚ ¿²¼
ª·¬¿³·² ßô ®»¹«´¿¬»¼ ¬¸» »¨°®»­­·±² ±º Ý¨ìíò ×² ±«®
°®»­»²¬ ­¬«¼§ô ©» ©»®» µ»»² ¬± ·²ª»­¬·¹¿¬» ¬¸» »ºº»½¬ ±º
ÌÙÚó¾ïô ¿² ·³°±®¬¿²¬ °®±ó¾®±¹»²·½ ½§¬±µ·²»ô ±² Ý¨ìí
®»¹«´¿¬·±² ·² ØÍÝ­ò Ñ«® ¼¿¬¿ ®»ª»¿´»¼ ¬¸¿¬ »¨±¹»²±«­
¸ÌÙÚó¾ï ®»¼«½»­ Ý¨ìí ¬®¿²­½®·°¬ ¿²¼ °®±¬»·² ·² ¿²
ØÍÝ ½»´´ ´·²» ¿²¼ ·² ·² ª·¬®± ¿½¬·ª¿¬»¼ °®·³¿®§ ØÍÝ­
øÚ·¹ò ï÷ò ß¼¼·¬·±²¿´´§ô ¬¸»®» ·­ ¿² ·²½®»¿­» ·² ¬¸»
°¸±­°¸±®§´¿¬·±² ±º Ý¨ìí øÍ»®íêè÷ ·² ¬¸» ¸ÌÙÚó¾ïó
¬®»¿¬»¼ ½»´´­ øÚ·¹ò îß÷ò É» ¸¿ª» ®»­«´¬­ ·²¼·½¿¬·²¹ ¬¸¿¬
ÐÕÝ ·­ ®»­°±²­·¾´» º±® ¬¸» °¸±­°¸±®§´¿¬·±² ±º Ý¨ìí ¿¬
­»®·²» íêè øÚ·¹ò îÞ ¿²¼ íÜ÷ò Ì¸·­ ±¾­»®ª¿¬·±² ·­
½±²­·­¬»²¬ ©·¬¸ »¿®´·»® ²¼·²¹­ ±² ­»®·²» íêè °¸±­°¸±®ó
§´¿¬·±² ·² Ý¨ìí ¾§ ÐÕÝ øÔ¿³°» »¬ ¿´òô îððð÷ò Ì¸»
½§¬±­±´·½ ¿²¼ °¿®¬·¿´ ³»³¾®¿²» ¼·­¬®·¾«¬·±² ±º °Ý¨ìí
øÍíêè÷ ­¸±©² ¾§ ·³³«²±«±®»­½»²½» øÚ·¹ò îÝ÷ ¿´­±
­«¹¹»­¬­ ¬¸¿¬ ¬¸» °¸±­°¸±®§´¿¬·±² ½¿² ¿ºº»½¬ ²±¬ ±²´§ ¬¸»
½¸¿²²»´ ¹¿¬·²¹ øÔ¿³°» »¬ ¿´òô îððð÷ô ¾«¬ ¿´­± ¬¸»
¬®¿º½µ·²¹ ¿²¼ ¿­­»³¾´§ ·²¬± ½±²²»¨±²­ øÍ±´¿² ¿²¼
Ô¿³°»ô îððë÷ò Ì¿µ»² ¬±¹»¬¸»®ô ¬¸» ½±²­»¯«»²½» ·­ ¿
´±©»®»¼ ÙÖ×Ý ¿³±²¹ ¬¸» ¸ÌÙÚó¾ïó¬®»¿¬»¼ ØÍÝ­ ·²
½±³°¿®·­±² ¬± ½±²¬®±´ô ¿­ ­¸±©² ¾§ ¹¿°óÚÎßÐ »¨°»®·ó
³»²¬­ øÚ·¹ò íÜ÷ò ×² ±¬¸»® ©±®¼­ô ©» ½±«´¼ ­¸±© ¬¸¿¬ ¬¸»
®»¹«´¿¬·±² ±º Ý¨ìí ¾§ ÌÙÚó¾ï ·­ ¾·°¿®¬·¬»ô ¾®±«¹¸¬
¿¾±«¬ ¾§ ¬¸» ­¸±®¬ó¬»®³ øê¸÷ ·²½®»¿­» ·² °Ý¨ìí øÍ»®íêè÷
¿²¼ ¬¸» ´±²¹ó¬»®³ øîì¸÷ ¼±©²ó®»¹«´¿¬·±² ±º Ý¨ìí
»¨°®»­­·±²ò
É¸»² ©» ½±²­·¼»® ¬¸¿¬ ÌÙÚó¾ï ·­ «°ó®»¹«´¿¬»¼
¼«®·²¹ ¾®±­·­ ¿²¼ ·²¼«½»­ ¿½¬·ª¿¬·±² ±º ØÍÝ­ øØ»´´»®ó
¾®¿²¼ »¬ ¿´òô ïçççå Õ¿²¦´»® »¬ ¿´òô ïççç÷ô ±«® ®»­«´¬­ ¿®» ·²
¿½½±®¼¿²½» ©·¬¸ ¬¸» ´¿¬»­¬ ±¾­»®ª¿¬·±²­ ¾§ Ü» Ó·²·½·­
»¬ ¿´ò øîððé÷ô ©¸± °«¾´·­¸»¼ ¬¸¿¬ ·² ª·¬®± ¿²¼ ·² ª·ª±
¾®±­·­ ³±¼»´­ ´»¼ ½±²­·­¬»²¬´§ ¬± ¿ ¼±©²ó®»¹«´¿¬·±² ±º
Ý¨ìí ¹»²» »¨°®»­­·±²ò Ñ² ¬¸» ±¬¸»® ¸¿²¼ô ±«® ²¼·²¹
¿°°»¿®»¼ ½±²¬®¿¼·½¬±®§ ¬± ¬¸» ®»°±®¬ ¾§ Ú·­½¸»® »¬ ¿´ò
øîððë÷ô ©¸± ­¸±©»¼ ¬¸¿¬ ¬¸» Ý¨ìí °®±¬»·² »¨°®»­­·±²
©¿­ «°ó®»¹«´¿¬»¼ ·² ¿½¬·ª¿¬»¼ ØÍÝ­ ·² ª·¬®± ¿²¼ ·² ª·ª±ò
É±®¬¸ ³»²¬·±²·²¹ ·­ô ¿´¬¸±«¹¸ ¬¸»§ ±¾­»®ª»¼ ¿²
·²½®»¿­» ·² ¬¸» Ý¨ìí °®±¬»·² »¨°®»­­·±² ¼«®·²¹ ¬¸» ®­¬
¬¸®»» ¼¿§­ ±º ·² ª·¬®± ¿½¬·ª¿¬·±² ±º ØÍÝ­ô ¬¸·­ ©¿­
º±´´±©»¼ ¾§ ¿ ­«¾­»¯«»²¬ ¼»½®»¿­» ¬± ¿ ´»ª»´ô ©¸·½¸ ©¿­
²»ª»®¬¸»´»­­ ¸·¹¸»® ¬¸¿² ·² ¯«·»­½»²¬ ØÍÝ­ò Ì¸»
¼·ºº»®»²½»­ ·² »¨°»®·³»²¬¿´ °®±½»¼«®»­ ½±«´¼ ·² °¿®¬
»¨°´¿·² ¬¸» ¿³¾·¹«·¬§ ¾»¬©»»² ±«® ®»­«´¬­ ¿²¼ ¬¸±­»
¼»­½®·¾»¼ ¾§ Ú·­½¸»® »¬ ¿´ò øîððë÷ò Ì¸»§ »¨¿³·²»¼ Ý¨ìí
»¨°®»­­·±² ¼«®·²¹ ¬¸» ·² ª·¬®± ¿½¬·ª¿¬·±² ±º ØÍÝ­ ¿²¼ ·²
ÝÝ´ìó·²¼«½»¼ ¾®±¬·½ ´·ª»®ò Ì¸» ±ª»®¿´´ ­¬·³«´· ¿²¼
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
Ú·¹ò éò Ý¨ìí ­·ÎÒß ¬®¿²­º»½¬·±² ¼»½®»¿­»¼ ¬¸» °®±´·º»®¿¬·±² ±º ØÍÝóî ½»´´­ ¿­ ¿­­»­­»¼ ¾§ ½»´´ ²«³¾»® ¿²¼ »¨°®»­­·±² ±º ¬¸»
°®±´·º»®¿¬·±² ³¿®µ»® ÐÝÒßò Ý»´´­ ©»®» ·²¼»°»²¼»²¬´§ ¬®¿²­º»½¬»¼ ©·¬¸ »¿½¸ ±º ¬©± Ý¨ìí ­·ÎÒß­ º±® ìè ¸ ¾»º±®» ¿²¿´§­·­ò øß÷ Ý¨ìí
³ÎÒß »¨°®»­­·±² ©¿­ ¿²¿´§¦»¼ ¾§ ¯«¿²¬·¬¿¬·ª» ÐÝÎ ¿²¼ »¨°®»­­»¼ ¿­ º±´¼ ½¸¿²¹» ®»´¿¬·ª» ¬± ¬¸» ³±½µó¬®¿²­º»½¬»¼ ½»´´­ò øÞ÷ Ý»´´­
©»®» ¬®§°­·²·¦»¼ ¿²¼ ½±«²¬»¼ ¿­ ¼»­½®·¾»¼ ·² Ó¿¬»®·¿´­ ¿²¼ ³»¬¸±¼­ò ß´´ ¼¿¬¿ º±® øß÷ ¿²¼ øÞ÷ ®»°®»­»²¬ ¬¸» ³»¿²éÍòÜò ±º ¬¸®»»
·²¼»°»²¼»²¬ »¨°»®·³»²¬­ øöÐ±ðòððë÷ò øÝ÷ Ì»² ¿²¼ ±²» ³·½®±¹®¿³­ ¬±¬¿´ °®±¬»·² ©¿­ ¿°°´·»¼ º±® Ý¨ìí ¿²¼ ÐÝÒß ¿²¿´§­·­ ·²
É»­¬»®² ¾´±¬ô ®»­°»½¬·ª»´§ò ß ®»°®»­»²¬¿¬·ª» ¾´±¬ ·­ ­¸±©²ò øÜ÷ Ì¸» ¹®¿°¸ ·­ ¿ ¼»²­·¬±³»¬®·½ ¿²¿´§­·­ ±º ¬¸» É»­¬»®² ¾´±¬­ò Ì¸» ¼¿¬¿
®»°®»­»²¬ ¬¸» ³»¿²éÍòÜò ±º ¬¸®»» ·²¼»°»²¼»²¬ »¨°»®·³»²¬­ øöÐ±ðòðëô ööÐ±ðòððë÷ò
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíð éîé
½±²¼·¬·±²­ ·² ¬¸»·® ­¬«¼§ ©·´´ ½»®¬¿·²´§ ¾» ³±®» ½±³°´»¨
¬¸¿² ·² ±«® ½¿­»ô ©¸»®» ©» ´±±µ»¼ ·²¬± ¬¸» »ºº»½¬ ±º ¿
­·²¹´» ­¬·³«´«­ ±²´§ô ²¿³»´§ ÌÙÚó¾ïò
É» ¿´­± ²±¬»¼ ¬¸¿¬ ±«® ±¾­»®ª¿¬·±²­ ©»®» ²±¬ ·² ´·²»
©·¬¸ ¬¸±­» ·² ¿ °®»ª·±«­ ©±®µ ¾§ Ð·³»²¬»´ »¬ ¿´ò øîððî÷ô
©¸± ­¸±©»¼ ¬¸¿¬ »¨±¹»²±«­ ÌÙÚó¾ï «°ó®»¹«´¿¬»¼ Ý¨ìí
»¨°®»­­·±² ·² ½¿®¼·¿½ ³§±½§¬»­ô ¸»²½» ­«¹¹»­¬·²¹ ½»´´ó
­°»½·½ ®»­°±²­»­ò ×² ¿¼¼·¬·±²ô É§¿¬¬ »¬ ¿´ò øîððï÷
¼»³±²­¬®¿¬»¼ ¬¸¿¬ ÌÙÚó¾ï ¸¿¼ ²± »ºº»½¬ ±² Ý¨ìí
»¨°®»­­·±² °»® ­»ô ¾«¬ ¿´¬»®»¼ ·²­¬»¿¼ ¬¸» °¸±­°¸±®§´¿ó
¬·±² ­¬¿¬«­ ±º Ý¨ìí ·² ±­¬»±¾´¿­¬ó´·µ» ½»´´­å ¿²¼ ¿²±¬¸»®
°«¾´·½¿¬·±² øÒ»«¸¿«­ »¬ ¿´òô îððç÷ ­¸±©»¼ ¬¸¿¬ ÌÙÚó¾ï
¼±©²ó®»¹«´¿¬»­ Ý¨ìí ·² ¼»¬®«­±® ­³±±¬¸ ³«­½´» ½»´´­ô
º«®¬¸»® ­«°°±®¬·²¹ ¬¸» ·¼»¿ ±º ¿ ¼·­½®»¬» ½»´´ó¬§°»
®»­°±²­»ò ß´´ ·² ¿´´ô ¬¸»­» ¼¿¬¿ ½±®®±¾±®¿¬»­ ¬¸» ¹»²»®¿´
¿¹®»»³»²¬ ¬¸¿¬ ÌÙÚó¾ï ·­ ¿ ½§¬±µ·²» ¬¸¿¬ »¨»®¬­
°´»·±¬®±°·½ »ºº»½¬­ «°±² ¿ ª¿®·»¬§ ±º ½»´´ ¬§°»­ò
É» ·²ª»­¬·¹¿¬»¼ ¬¸» ³»½¸¿²·­³ ¾§ ©¸·½¸ ÌÙÚó¾ï
½±«´¼ ®»¹«´¿¬» Ý¨ìíò ß² »¿®´·»® ­¬«¼§ ¸¿­ ³¿¼» ½´»¿®
¬¸¿¬ ¬¸» ¦·²½ ²¹»® ¬®¿²­½®·°¬·±² º¿½¬±® Í²¿·ïó³»¼·¿¬»¼
ÛÓÌ ®»­«´¬­ ·² Ý¨ìí ®»°®»­­·±² ø¼» Þ±»® »¬ ¿´òô îððé÷ò
Ú«®¬¸»®³±®»ô Í²¿·ï ¸¿­ ¾»»² »­¬¿¾´·­¸»¼ ¿­ ¿ ¼±©²ó
­¬®»¿³ »ºº»½¬±® ±º ÌÙÚó¾ï øÜ» Ý®¿»²» »¬ ¿´òô îððë÷ô »ª»²
·² ³±«­» ¸»°¿¬±½§¬»­ øÕ¿·³±®· »¬ ¿´òô îððé÷ò Þ»­·¼»­ô
Ö·¿²¹ »¬ ¿´ò øîððê÷ º±«²¼ ¿ ®±¾«­¬ «°ó®»¹«´¿¬·±² ±º Í²¿·ï
·² ·² ª·¬®± ¿½¬·ª¿¬»¼ ØÍÝ­ «­·²¹ ¹»²» »¨°®»­­·±²
°®±´·²¹ò ß´±²¹ ¬¸·­ ´·²» ±º ®»¿­±²·²¹ô ·¬ º±´´±©­ ¬¸¿¬ ·º
Í²¿·ï ·­ ·²ª±´ª»¼ ·² ¬¸» ÌÙÚó¾ïó®»¹«´¿¬·±² ±º Ý¨ìíô
¬¸»² ½¸¿²¹»­ ·² ¬¸» Í²¿·ï ¹»²» »¨°®»­­·±² ©·´´ ½¿«­»
½¸¿²¹»­ ·² ¬¸» Ý¨ìí ¹»²» »¨°®»­­·±²ò É» »³°´±§»¼
¼·ºº»®»²¬ ³»¿²­ ¬± ¹¿¬¸»® »ª·¼»²½» º±® ¿ Í²¿·ïó¼»°»²ó
¼»²¬ ®»¹«´¿¬·±² ±º Ý¨ìíò Ú·®­¬ô ©» ¿­½»®¬¿·²»¼ ¬¸¿¬ ÌÙÚó
¾ï «°ó®»¹«´¿¬»­ Í²¿·ï ·² ØÍÝóî ¿²¼ ·² ·² ª·¬®± ¿½¬·ª¿¬»¼
°®·³¿®§ ØÍÝ­ øÚ·¹ò ìß÷ò Ó±ª·²¹ ±²ô ©» ­¸±©»¼ ¬¸¿¬
«­·²¹ Í²¿·ï ­·ÎÒß­ ´»¼ ¬± ¿ ¼±©²ó®»¹«´¿¬·±² ±º Í²¿·ï
¿²¼ ¿ ­·³«´¬¿²»±«­ «°ó®»¹«´¿¬·±² ±º Ý¨ìí øÚ·¹ò ìÞ÷ò É»
­«¾­¬¿²¬·¿¬»¼ ¬¸·­ ·²¼·®»½¬ »ª·¼»²½» ±º ¿² ·²ª»®­»
½±®®»´¿¬·±² ¾»¬©»»² Í²¿·ï ¿²¼ Ý¨ìí ¾§ ¼»³±²­¬®¿¬·²¹
¿² ·²¬»®¿½¬·±² ¾»¬©»»² Í²¿·ï øº®±³ ¬¸» ²«½´»¿® »¨¬®¿½¬
±º ïî ¼¿§­ ·² ª·¬®± ¿½¬·ª¿¬»¼ ØÍÝ­÷ ¿²¼ ·¬­ ½±²­»²­«­
­»¯«»²½» ¼»®·ª»¼ º®±³ ¬¸» ®¿¬ Ý¨ìí °®±³±¬»®ò Ñ«®
ÛÓÍß ®»­«´¬­ ·²¼·½¿¬»¼ ¬¸¿¬ Í²¿·ï ½¿² ®»½±¹²·¦»
­°»½·½¿´´§ ·¬­ ¾·²¼·²¹ ­·¬» ±² ¬¸» ®¿¬ Ý¨ìí °®±³±¬»®
øÚ·¹ò ëß÷ò Ì¸·­ ¾·²¼·²¹ ­°»½·½·¬§ ·­ º«®¬¸»® ­«°°±®¬»¼
¾§ ¬¸» ·²¿¾·´·¬§ ±º Í²¿·ï ¬± ¾·²¼ ¬± ¬¸» ³«¬¿¬»¼
½±²­»²­«­ ­»¯«»²½»ò Ñ² ¬¸» ±¬¸»® ¸¿²¼ô ¬¸» ¼±©²ó
®»¹«´¿¬·±² ±º Í²¿·ï «­·²¹ ­·ÎÒß ¼·³·²·­¸»¼ ¬¸» ¾·²¼·²¹
øÚ·¹ò ëÞ÷ò Ú«®¬¸»®³±®»ô ©» °®±ª·¼»¼ »ª·¼»²½» ¬¸¿¬
ÌÙÚó¾ï ¬®»¿¬³»²¬ ´»¿¼­ ²±¬ ±²´§ ¬± ¿² ·²½®»¿­» ·²
Í²¿·ïô ¾«¬ ¿´­± ¬± ¿² ·²½®»¿­» ·² ¬¸» ¾·²¼·²¹ ±º Í²¿·ï ¬±
·¬­ ½±²­»²­«­ ­»¯«»²½» øÚ·¹ò ëÞ÷ò Ì¸·­ ²¼·²¹ ·­
·³°±®¬¿²¬ ¾»½¿«­» ¬¸» ®¿¬ Ý¨ìí °®±³±¬»® ¿´­± ½±²¬¿·²­
¿ ²«³¾»® ±º ±¬¸»® ÌÙÚó¾ïó®»­°±²­·ª» »´»³»²¬­ô ´·µ»
ßÐóï ¿²¼ Í°ï ­·¬»­ò ß²¿´§­·­ ±º ¬¸» ®¿¬ Ý¨ìí °®±³±¬»®
«­·²¹ ÌÛÍÍ øÍ½¸«¹ô îððí÷ ®»ª»¿´»¼ º±«® ßÐóï øóìé ¾°ô
óïîî ¾°ô óïîêë ¾° ¿²¼ óïéèð ¾°÷ ¿²¼ ¬¸®»» Í°ï øóëç ¾°ô
óïðèí ¾° ¿²¼ óïîðé ¾°÷ ­·¬»­ ©·¬¸·² ¬¸» îððð ¾° «°­¬®»¿³
±º ¬¸» ¬®¿²­½®·°¬·±² ·²·¬·¿¬·±² ­·¬»ò
ß°¿®¬ º®±³ ¿ ®»¼«½¬·±² ·² ¬¸» ÙÖ×Ý ¾»¬©»»² ¬¸»
ØÍÝ­ô ©» ­±«¹¸¬ ¬± ·¼»²¬·º§ ¿²±¬¸»® º«²½¬·±²¿´ ­·¹ó
²·½¿²½» ±º ¬¸» ¼±©²ó®»¹«´¿¬·±² ±º Ý¨ìí ¾§ ÌÙÚó¾ïò
Û¿®´·»® ©±®µ ¾§ Í¿·´» »¬ ¿´ò øïççç÷ ¿²¼ Í¸»² »¬ ¿´ò øîððí÷
·²¼·½¿¬»¼ ¬¸¿¬ ÌÙÚó¾ï ¼»½®»¿­»¼ ¬¸» °®±´·º»®¿¬·±² ±º
ØÍÝ­ ¾§ ¿®®»­¬·²¹ ½»´´­ ¿¬ ¬¸» Ùï °¸¿­» ¿²¼ ­·³«´¬¿ó
²»±«­´§ ·²¸·¾·¬·²¹ ¿°±°¬±­·­ò Ø»²½»ô ©» °®±°±­» ¬¸¿¬
ÌÙÚó¾ï ³·¹¸¬ ¿ºº»½¬ ¬¸» °®±´·º»®¿¬·±² ±º ØÍÝ­ ª·¿ ¬¸»
¼±©²ó®»¹«´¿¬·±² ±º Ý¨ìíô ¿ °®±¬»·² ©¸·½¸ ¸¿­ ¿´­± ¾»»²
·³°´·½¿¬»¼ ·² ½»´´ ¹®±©¬¸ øÓ±±®¾§ ¿²¼ Ð¿¬»´ô îððï÷ò
É» ­¸±©»¼ ¬¸¿¬ ÌÙÚó¾ï ¼»½®»¿­»¼ ¬¸» ½»´´ ²«³¾»®
øÚ·¹ò êß÷ô ¿²¼ ¬¸» »¨°®»­­·±² ±º ÐÝÒß øÚ·¹ò êÞ ¿²¼ Ý÷ô
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
Ú·¹ò èò Ûºº»½¬ ±º Í²¿·ï ­·ÎÒß ±² ÌÙÚó¾ïó¼»°»²¼»²¬ ®»¹«´¿ó
¬·±² ±º ½»´´ °®±´·º»®¿¬·±²ò Ý»´´­ ©»®» ·²¼»°»²¼»²¬´§ ¬®¿²­º»½¬»¼
©·¬¸ Í²¿·ï ­·ÎÒß ï ±® íô ¿²¼ ïð ²¹ñ³´ ¸ÌÙÚó¾ï ©¿­ ¿¼¼»¼
º±® ìè ¸ ¾»º±®» ½»´´ ½±«²¬·²¹ ¿²¼ ·³³«²±¾´±¬ ¿²¿´§­·­ ±º
ÐÝÒßò øß÷ Ì»² ³·½®±¹®¿³­ ¬±¬¿´ °®±¬»·² ©¿­ ¿°°´·»¼ º±® ¬¸»
­¬«¼§ ±º ÐÝÒß »¨°®»­­·±²ò ¾óß½¬·² ®»°®»­»²¬­ ¬¸» ´±¿¼·²¹
½±²¬®±´ò ß ®»°®»­»²¬¿¬·ª» ¾´±¬ ±º ¬©± »¨°»®·³»²¬­ ·­ ­¸±©²ò
Ì¸» ²«³¾»®­ ®»°®»­»²¬ ¬¸» ¾¿²¼ ·²¬»²­·¬·»­ ²±®³¿´·¦»¼ ¿¹¿·²­¬
¾ó¿½¬·²ô ©¸·½¸ ©»®» »­¬·³¿¬»¼ «­·²¹ ×³¿¹»Ö ­±º¬©¿®»ò øÞ÷ Ý»´´­
©»®» ¬®§°­·²·¦»¼ ¿²¼ ½±«²¬»¼ ¿­ ¼»­½®·¾»¼ ·² Ó¿¬»®·¿´­ ¿²¼
³»¬¸±¼­ò Ü¿¬¿ ®»°®»­»²¬ ¬¸» ³»¿²éÍòÜò ±º ¬¸®»» ·²¼»°»²¼»²¬
»¨°»®·³»²¬­ øöÐ±ðòððë÷ò
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíðéîè
¿ ³¿®µ»® º±® ½»´´ °®±´·º»®¿¬·±² ½¿°¿¾·´·¬§ô ©¸·½¸ ·­
½±¸»®»²¬ ©·¬¸ ¬¸» ®»­«´¬­ ±º Í¸»² »¬ ¿´ò øîððí÷ò ×² ±®¼»®
¬± ¬»­¬ ±«® ¸§°±¬¸»­·­ ¬¸¿¬ Ý¨ìí ³¿§ ¾» ·²ª±´ª»¼ ·²
ØÍÝ °®±´·º»®¿¬·±²ô ©» ¬®¿²­º»½¬»¼ Ý¨ìí ­·ÎÒß­ ·²¬±
ØÍÝ­ øÚ·¹ò éß÷ò É» ¼·­½±ª»®»¼ ¬¸¿¬ ØÍÝ­ ¿º¬»® Ý¨ìí
­·ÎÒß ¬®¿²­º»½¬·±² °®±´·º»®¿¬»¼ ­´±©»® ¬¸¿² ¬¸»·® ³±½µó
¬®¿²­º»½¬»¼ ½±«²¬»®°¿®¬­ ¿­ ­¸±©² ¾§ ¿ ¼»½®»¿­» ·² ½»´´
²«³¾»® øÚ·¹ò éÞ÷ ¿²¼ ÐÝÒß »¨°®»­­·±² øÚ·¹ò éÝ ¿²¼ Ü÷ô
·³°´§·²¹ ¬¸¿¬ ÌÙÚó¾ï ½±«´¼ °±­­·¾´§ ³»¼·¿¬» ·¬­ »ºº»½¬
±² ØÍÝ °®±´·º»®¿¬·±² ¬± ­±³» ¼»¹®»» ¬¸®±«¹¸ Ý¨ìíò
Ì¸» «²¼»®´§·²¹ ³»½¸¿²·­³ ·­ ²±¬ ½´»¿® §»¬ô ¾«¬ ¬¸»®»
¿®» °«¾´·½¿¬·±²­ ­«¹¹»­¬·²¹ °±­­·¾´» ®±«¬»­ º±® ¬¸»
Ý¨ìíó³»¼·¿¬»¼ ®»¹«´¿¬·±² ±º ½»´´ °®±´·º»®¿¬·±² øÜ¿²¹
»¬ ¿´òô îððíå Ù®¿³­½¸ »¬ ¿´òô îððïå Ö·¿ »¬ ¿´òô îððè÷ò
Þ¿­»¼ ±² ±«® ¿­­«³°¬·±² ¬¸¿¬ Í²¿·ï ½±«´¼ ¾» ¬¸»
¼±©²­¬®»¿³ ³»¼·¿¬±® ±º ÌÙÚó¾ï ±² Ý¨ìí ®»¹«´¿¬·±²ô
Í²¿·ï ­¸±«´¼ ¿´­± ¾» ´·²µ»¼ ¬± ¬¸» Ý¨ìíó¼»°»²¼»²¬
®»¹«´¿¬·±² ±º ½»´´ °®±´·º»®¿¬·±²ò Ì¸·­ ¸§°±¬¸»­·­ ©¿­
­«°°±®¬»¼ ¿­ ©» ­¸±©»¼ ¬¸¿¬ ¬¸» ÌÙÚó¾ïó·²¼«½»¼
®»¼«½¬·±² ·² ½»´´ ²«³¾»® ¿²¼ ÐÝÒß »¨°®»­­·±² ·­
¿¬¬»²«¿¬»¼ ¾§ ¬¸» ­«°°®»­­·±² ±º Í²¿·ï «­·²¹ Í²¿·ï
­·ÎÒß øÚ·¹ò è÷ò
ß´¬¸±«¹¸ ÌÙÚó¾ï ·­ ¿ °®±ó¾®±¹»²·½ ½§¬±µ·²» ©·¬¸
¬¸» «²¼»­·®»¼ »ºº»½¬ ±º ½¿«­·²¹ ¬¸» ¿½½«³«´¿¬·±² ±º
ÛÝÓ °®±¬»·²­ ·² ¬¸» »ª»²¬ ±º «²½±²¬®±´´»¼ ØÍÝ­
¿½¬·ª¿¬·±²ô ·¬ ³¿§ ¸¿ª» ¿ °±­·¬·ª» ­·¼» ·² ¬¸» ­»²­» ¬¸¿¬
·¬ ·²¸·¾·¬­ ØÍÝ­ °®±´·º»®¿¬·±²ò ×² ¿¼¼·¬·±²ô ¬¿µ·²¹ ·²¬±
¿½½±«²¬ ¬¸¿¬ Ý¨ìí ³¿§ ®»¹«´¿¬» ½»´´ ¹®±©¬¸ ·²¼»°»²¼»²¬
±º ·¬­ °¸§­·±´±¹·½¿´ ®±´» ·² º±®³·²¹ ¬¸» ¹¿° ¶«²½¬·±²
øÓ±±®¾§ ¿²¼ Ð¿¬»´ô îððï÷ô º«®¬¸»® ­¬«¼·»­ ±² ¬¸»
³±´»½«´¿® ³»½¸¿²·­³ ±º Í²¿·ï ¿²¼ Ý¨ìí ·² ½±²¶«²½¬·±²
©·¬¸ ØÍÝ ¿½¬·ª¿¬·±² ¿²¼ °®±´·º»®¿¬·±² ¿®» ²»»¼»¼ô ·²
±®¼»® ¬± »­¬¿¾´·­¸ ¬¸»³ ¿­ ³»¿²·²¹º«´ ¬¸»®¿°»«¬·½
¬¿®¹»¬­ º±® ¿¬¬»²«¿¬·²¹ ØÍÝ ¿½¬·ª¿¬·±² ¿²¼ °®±´·º»®¿¬·±²
¿­ °¿®¬ ±º ¬¸» »ºº±®¬ ¬± ®»­±´ª» ´·ª»® ¾®±­·­ò
ß½µ²±©´»¼¹³»²¬
Ì¸·­ ©±®µ ·­ ­«°°±®¬»¼ ¾§ ¬¸» ×²­¬·¬«¬» ±º Þ·±»²¹·ó
²»»®·²¹ ¿²¼ Ò¿²±¬»½¸²±´±¹§ øÞ·±³»¼·½¿´ Î»­»¿®½¸
Ý±«²½·´ô ß¹»²½§ º±® Í½·»²½»ô Ì»½¸²±´±¹§ ¿²¼ Î»­»¿®½¸ô
Í·²¹¿°±®»÷ò
Î»º»®»²½»­
ß¾¾¿½·ô Óòô Þ¿®¾»®·óØ»§±¾ô Óòô Í¬·²»­ô ÖòÎòô Þ´±²¼»´ô Éòô
Ü«³¿­ô Üòô Ù«·´´»³·²ô Úòô Ü·¼»´±²ô Öòô îððéò Ù¿°
¶«²½¬·±²¿´ ·²¬»®½»´´«´¿® ½±³³«²·½¿¬·±² ½¿°¿½·¬§ ¾§ ¹¿°ó
ÚÎßÐ ¬»½¸²·¯«»æ ¿ ½±³°¿®¿¬·ª» ­¬«¼§ò Þ·±¬»½¸²±´ò Öò îô
ëðêïò
Þ¿¬´´»ô Ûòô Í¿²½¸±ô Ûòô Ú®¿²½·ô Ýòô Ü±³·²¹«»¦ô Üòô Ó±²º¿®ô
Óòô Þ¿«´·¼¿ô Öòô Ù¿®½·¿ Ü» Ø»®®»®±­ô ßòô îðððò Ì¸»
¬®¿²­½®·°¬·±² º¿½¬±® ­²¿·´ ·­ ¿ ®»°®»­­±® ±º Ûó½¿¼¸»®·² ¹»²»
»¨°®»­­·±² ·² »°·¬¸»´·¿´ ¬«³±«® ½»´´­ò Ò¿¬ò Ý»´´ Þ·±´ò îô
èìèçò
Ü¿²¹ô Èòô Ü±¾´»ô ÞòÉòô Õ¿®¼¿³·ô Ûòô îððíò Ì¸» ½¿®¾±¨§ó¬¿·´
±º ½±²²»¨·²óìí ´±½¿´·¦»­ ¬± ¬¸» ²«½´»«­ ¿²¼ ·²¸·¾·¬­ ½»´´
¹®±©¬¸ò Ó±´ò Ý»´´ò Þ·±½¸»³ò îìîô íëíèò
¼» Þ±»®ô ÌòÐòô ª¿² Ê»»²ô Ìòßòô Þ·»®¸«·¦»²ô ÓòÚòô Õ±µô Þòô
Î±±µô ÓòÞòô Þ±±²»²ô ÕòÖòô Ê±­ô Óòßòô Ü±»ª»²¼¿²­ô Ðòßòô
¼» Þ¿µµ»®ô ÖòÓòô ª¿² ¼»® Ø»§¼»²ô Óòßòô îððéò Ý±²²»¨·²ìí
®»°®»­­·±² º±´´±©·²¹ »°·¬¸»´·«³ó¬±ó³»­»²½¸§³» ¬®¿²­·¬·±²
·² »³¾®§±²¿´ ½¿®½·²±³¿ ½»´´­ ®»¯«·®»­ ­²¿·´ï ¬®¿²­½®·°¬·±²
º¿½¬±®ò Ü·ºº»®»²¬·¿¬·±² éëô îðèîïèò
Ü» Ý®¿»²»ô Þòô ª¿² Î±§ô Úòô Þ»®¨ô Ùòô îððëò Ë²®¿ª»´·²¹
­·¹²¿´´·²¹ ½¿­½¿¼»­ º±® ¬¸» ­²¿·´ º¿³·´§ ±º ¬®¿²­½®·°¬·±²
º¿½¬±®­ò Ý»´´ò Í·¹²¿´ò ïéô ëíëëìéò
Ü» Ó¿·±ô ßòô Ê»¹¿ô ÊòÔòô Ý±²¬®»®¿­ô ÖòÛòô îððîò Ù¿° ¶«²½¬·±²­ô
¸±³»±­¬¿­·­ô ¿²¼ ·²¶«®§ò Öò Ý»´´ò Ð¸§­·±´ò ïçïô îêçîèîò
Ü» Ó·²·½·­ô Íòô Í»µ·ô Ûòô Ë½¸·²¿³·ô Øòô Õ´«©»ô Öòô Æ¸¿²¹ô Çòô
Þ®»²²»®ô Üòßòô Í½¸©¿¾»ô ÎòÚòô îððéò Ù»²» »¨°®»­­·±²
°®±´»­ ¼«®·²¹ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´ ¿½¬·ª¿¬·±² ·² ½«´¬«®» ¿²¼
·² ª·ª±ò Ù¿­¬®±»²¬»®±´±¹§ ïíîô ïçíéïçìêò
Ü±´´ô Îòô Ô¿²¹³¿²ô ÓòÖòô Í¸¿©¼±²ô ØòØòô ïçêèò Ì®»¿¬³»²¬ ±º
¹¿­¬®·½ «´½»® ©·¬¸ ½¿®¾»²±¨±´±²»æ ¿²¬¿¹±²·­¬·½ »ºº»½¬ ±º
­°·®±²±´¿½¬±²»ò Ù«¬ çô ìîìëò
Û§®»ô Ìòßòô Ü«½´«¦»¿«ô Úòô Í²»¼¼±²ô ÌòÐòô Ð±ª»§ô Íòô Þ®«º±®¼ô
Ûòßòô Ô«­¸ô ÓòÖòô îððêò Ì¸» ØËÙÑ Ù»²» Ò±³»²½´¿¬«®»
Ü¿¬¿¾¿­»ô îððê «°¼¿¬»­ò Ò«½´»·½ ß½·¼­ Î»­ò íìô ÜíïçÜíîïò
Ú·­½¸»®ô Îòô Î»·²»¸®ô Îòô Ô«ô ÌòÐòô Í½¸±²·½µ»ô ßòô É¿®­µ«´¿¬ô
Ëòô Ü·»²»­ô ØòÐòô Ø¿«­­·²¹»®ô Üòô îððëò ×²¬»®½»´´«´¿®
½±³³«²·½¿¬·±² ª·¿ ¹¿° ¶«²½¬·±²­ ·² ¿½¬·ª¿¬»¼ ®¿¬ ¸»°¿¬·½
­¬»´´¿¬» ½»´´­ò Ù¿­¬®±»²¬»®±´±¹§ ïîèô ìííììèò
Ú®·»¼³¿²ô ÍòÔòô îððèò Ø»°¿¬·½ ­¬»´´¿¬» ½»´´­æ °®±¬»¿²ô ³«´¬·ó
º«²½¬·±²¿´ô ¿²¼ »²·¹³¿¬·½ ½»´´­ ±º ¬¸» ´·ª»®ò Ð¸§­·±´ò Î»ªò èèô
ïîëïéîò
Ù±²¦¿´»¦ô ØòÛòô Û«¹»²·²ô Ûòßòô Ù¿®½»­ô Ùòô Í±´·­ô Òòô Ð·¦¿®®±ô
Óòô ß½½¿¬·²±ô Ôòô Í¿»¦ô ÖòÝòô îððîò Î»¹«´¿¬·±² ±º ¸»°¿¬·½
½±²²»¨·²­ ·² ½¸±´»­¬¿­·­æ °±­­·¾´» ·²ª±´ª»³»²¬ ±º Õ«°ºº»®
½»´´­ ¿²¼ ·²¿³³¿¬±®§ ³»¼·¿¬±®­ò ß³ò Öò Ð¸§­·±´ò Ù¿­¬®±ó
·²¬»­¬ò Ô·ª»® Ð¸§­·±´ò îèîô ÙççïÙïððïò
Ù±±¼»²±«¹¸ô Üòßòô Ù±´·¹»®ô Öòßòô Ð¿«´ô ÜòÔòô ïççêò Ý±²²»¨ó
·²­ô ½±²²»¨±²­ô ¿²¼ ·²¬»®½»´´«´¿® ½±³³«²·½¿¬·±²ò ß²²«ò
Î»ªò Þ·±½¸»³ò êëô ìéëëðîò
Ù®¿³­½¸ô Þòô Ù¿¾®·»´ô ØòÜòô É·»³¿²²ô Óòô Ù®«³³»®ô Îòô
É·²¬»®¸¿¹»®ô Ûòô Þ·²¹³¿²²ô Üòô Í½¸·®®³¿½¸»®ô Õòô îððïò
Û²¸¿²½»³»²¬ ±º ½±²²»¨·² ìí »¨°®»­­·±² ·²½®»¿­»­ °®±´·ºó
»®¿¬·±² ¿²¼ ¼·ºº»®»²¬·¿¬·±² ±º ¿² ±­¬»±¾´¿­¬ó´·µ» ½»´´ ´·²»ò
Û¨°ò Ý»´´ Î»­ò îêìô íçéìðéò
Ù®»­­²»®ô Ñòßòô É»·­µ·®½¸»²ô Îòô Ù®»­­²»®ô ßòÓòô îððéò
Ûª±´ª·²¹ ½±²½»°¬­ ±º ´·ª»® ¾®±¹»²»­·­ °®±ª·¼» ²»©
¼·¿¹²±­¬·½ ¿²¼ ¬¸»®¿°»«¬·½ ±°¬·±²­ò Ý±³°ò Ø»°¿¬±´ò êô éò
Ø»´´»®¾®¿²¼ô Ýòô Í¬»º¿²±ª·½ô Þòô Ù·±®¼¿²±ô Úòô Þ«®½¸¿®¼¬ô
ÛòÎòô Þ®»²²»®ô Üòßòô ïçççò Ì¸» ®±´» ±º ÌÙÚ¾»¬¿ï ·²
·²·¬·¿¬·²¹ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´ ¿½¬·ª¿¬·±² ·² ª·ª±ò Öò Ø»°¿¬±´ò
íðô ééèéò
Ö·¿ô Ùòô Ý¸»²¹ô Ùòô Ù¿²¹¿¸¿®ô ÜòÓòô ß¹®¿©¿´ô ÜòÕòô îððèò
×²ª±´ª»³»²¬ ±º ½±²²»¨·² ìí ·² ¿²¹·±¬»²­·² ××ó·²¼«½»¼
³·¹®¿¬·±² ¿²¼ °®±´·º»®¿¬·±² ±º ­¿°¸»²±«­ ª»·² ­³±±¬¸
³«­½´» ½»´´­ ª·¿ ¬¸» ÓßÐÕóßÐóï ­·¹²¿´·²¹ °¿¬¸©¿§ò Öò
Ó±´ò Ý»´´ò Ý¿®¼·±´ò ììô èèîèçðò
Ö·¿²¹ô Úòô Ð¿®­±²­ô ÝòÖòô Í¬»º¿²±ª·½ô Þòô îððêò Ù»²» »¨°®»­­·±²
°®±´» ±º ¯«·»­½»²¬ ¿²¼ ¿½¬·ª¿¬»¼ ®¿¬ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­
·³°´·½¿¬»­ É²¬ ­·¹²¿´·²¹ °¿¬¸©¿§ ·² ¿½¬·ª¿¬·±²ò Öò Ø»°¿¬±´ò
ìëô ìðïìðçò
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíð éîç
Õ¿·³±®·ô ßòô Ð±¬¬»®ô Öòô Õ¿·³±®·ô ÖòÇòô É¿²¹ô Ýòô Ó»¦»§ô Ûòô
Õ±¬»·­¸ô ßòô îððéò Ì®¿²­º±®³·²¹ ¹®±©¬¸ º¿½¬±®ó¾»¬¿ï
·²¼«½»­ ¿² »°·¬¸»´·¿´ó¬±ó³»­»²½¸§³¿´ ¬®¿²­·¬·±² ­¬¿¬» ·²
³±«­» ¸»°¿¬±½§¬»­ ·² ª·¬®±ò Öò Þ·±´ò Ý¸»³ò îèîô
îîðèçîîïðïò
Õ¿²¦´»®ô Íòô Ô±¸­»ô ßòÉòô Õ»·´ô ßòô Ø»²²·²¹»®ô Öòô Ü·»²»­ô
ØòÐòô Í½¸·®³¿½¸»®ô Ðòô Î±­»óÖ±¸²ô Íòô ¦«³ Þ«­½¸»²º»´¼»ô
ÕòØòô Þ´»­­·²¹ô Óòô ïçççò ÌÙÚó¾»¬¿ï ·² ´·ª»® ¾®±­·­æ ¿²
·²¼«½·¾´» ¬®¿²­¹»²·½ ³±«­» ³±¼»´ ¬± ­¬«¼§ ´·ª»® ¾®±¹»²ó
»­·­ò ß³ò Öò Ð¸§­·±´ò îéêô ÙïðëçÙïðêèò
Õ¿¬±ô Öòô ×¼±ô ßòô Ø¿­«·µ»ô Íòô Ë¬±ô Øòô Ø±®·ô Ìòô Ø¿§¿­¸·ô Õòô
Ó«®¿µ¿³·ô Íòô Ì»®¿²±ô ßòô Ì­«¾±«½¸·ô Øòô îððìò Ì®¿²­ó
º±®³·²¹ ¹®±©¬¸ º¿½¬±®ó¾»¬¿ó·²¼«½»¼ ­¬·³«´¿¬·±² ±º º±®³¿ó
¬·±² ±º ½±´´¿¹»² ¾»® ²»¬©±®µ ¿²¼ ¿²¬·ó¾®±¬·½ »ºº»½¬ ±º
¬¿«®·²» ·² ¿² ·² ª·¬®± ³±¼»´ ±º ¸»°¿¬·½ ¾®±­·­ò Ø»°¿¬±´ò
Î»­ò íðô íììïò
Õ¸¿®¾¿²¼¿ô ÕòÕòô Î±¹»®­ ××ô ÜòÜòô É§¿¬¬ô Ìòßòô Í±®®»´´ô
ÓòÚòô Ì«³¿ô ÜòÖòô îððìò Ì®¿²­º±®³·²¹ ¹®±©¬¸ º¿½¬±®ó¾»¬¿
·²¼«½»­ ½±²¬®¿½¬·±² ±º ¿½¬·ª¿¬»¼ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­ò Öò
Ø»°¿¬±´ò ìïô êðêêò
Ô¿³°»ô ÐòÜòô Ì»²Þ®±»µô ÛòÓòô Þ«®¬ô ÖòÓòô Õ«®¿¬¿ô ÉòÛòô
Ö±¸²­±²ô ÎòÙòô Ô¿«ô ßòÚòô îðððò Ð¸±­°¸±®§´¿¬·±² ±º
½±²²»¨·²ìí ±² ­»®·²»íêè ¾§ °®±¬»·² µ·²¿­» Ý ®»¹«´¿¬»­
¹¿° ¶«²½¬·±²¿´ ½±³³«²·½¿¬·±²ò Öò Ý»´´ Þ·±´ò ïìçô
ïëðíïëïîò
Ô·³ô ÓòÝòô Ó¿«¾¿½¸ô Ùòô Æ¸«±ô Ôòô îððèò Ù´·¿´ ¾®·´´¿®§
¿½·¼·½ °®±¬»·² ­°´·½» ª¿®·¿²¬­ ·² ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­ 
»¨°®»­­·±² ¿²¼ ®»¹«´¿¬·±²ò Ó±´ò Ý»´´­ îëô íéêíèìò
Ô±»©»²­¬»·²ô ÉòÎòô ïçèïò Ö«²½¬·±²¿´ ·²¬»®½»´´«´¿® ½±³³«²·½¿ó
¬·±²æ ¬¸» ½»´´ó¬±ó½»´´ ³»³¾®¿²» ½¸¿²²»´ò Ð¸§­·±´ò Î»ªò êïô
èîççïíò
Ó¿«¾¿½¸ô Ùòô Ô·³ô ÓòÝòô Õ«³¿®ô Íòô Æ¸«±ô Ôòô îððéò
Û¨°®»­­·±² ¿²¼ «°®»¹«´¿¬·±² ±º ½¿¬¸»°­·² Í ¿²¼ ±¬¸»®
»¿®´§ ³±´»½«´»­ ®»¯«·®»¼ º±® ¿²¬·¹»² °®»­»²¬¿¬·±² ·²
¿½¬·ª¿¬»¼ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­ «°±² ×ÚÒó¹¿³³¿ ¬®»¿¬³»²¬ò
Þ·±½¸·³ò Þ·±°¸§­ò ß½¬¿ ïééíô îïçîíïò
Ó¿«¾¿½¸ô Ùòô Ô·³ô ÓòÝòô Æ¸«±ô Ôòô îððèò Ò«½´»¿® ½¿¬¸»°­·² Ú
®»¹«´¿¬»­ ¿½¬·ª¿¬·±² ³¿®µ»®­ ·² ®¿¬ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­ò
Ó±´ò Þ·±´ò Ý»´´ ïçô ìîíèìîìèò
Ó±±®¾§ô Ýòô Ð¿¬»´ô Óòô îððïò Ü«¿´ º«²½¬·±²­ º±® ½±²²»¨·²­æ
Ý¨ìí ®»¹«´¿¬»­ ¹®±©¬¸ ·²¼»°»²¼»²¬´§ ±º ¹¿° ¶«²½¬·±²
º±®³¿¬·±²ò Û¨°ò Ý»´´ Î»­ò îéïô îíèîìèò
Ò»«¸¿«­ô Öòô Ø»·²®·½¸ô Óòô Í½¸©¿´»²¾»®¹ô Ìòô Í¬±´¦»²¾«®¹ô
ÖòËòô îððçò ÌÙÚó¾»¬¿ï ·²¸·¾·¬­ Ý¨ìí »¨°®»­­·±² ¿²¼
º±®³¿¬·±² ±º º«²½¬·±²¿´ ­§²½§¬·¿ ·² ½«´¬«®»¼ ­³±±¬¸ ³«­½´»
½»´´­ º®±³ ¸«³¿² ¼»¬®«­±®ò Û«®ò Ë®±´ò ëëô ìçïìçéò
Ð»·²¿¼±ô Øòô Ï«·²¬¿²·´´¿ô Óòô Ý¿²±ô ßòô îððíò Ì®¿²­º±®³·²¹
¹®±©¬¸ º¿½¬±® ¾»¬¿óï ·²¼«½»­ ­²¿·´ ¬®¿²­½®·°¬·±² º¿½¬±® ·²
»°·¬¸»´·¿´ ½»´´ ´·²»­æ ³»½¸¿²·­³­ º±® »°·¬¸»´·¿´ ³»­»²½¸§³¿´
¬®¿²­·¬·±²­ò Öò Þ·±´ò Ý¸»³ò îéèô îïïïíîïïîíò
Ð·³»²¬»´ô ÎòÝòô Ç¿³¿¼¿ô Õòßòô Õ´»¾»®ô ßòÙòô Í¿º¬¦ô ÖòÛòô
îððîò ß«¬±½®·²» ®»¹«´¿¬·±² ±º ³§±½§¬» Ý¨ìí »¨°®»­­·±² ¾§
ÊÛÙÚò Ý·®½ò Î»­ò çðô êéïêééò
Í¿·´»ô Þòô Ó¿¬¬¸»­ô Òòô Õ²·¬¬»´ô Ìòô Î¿³¿¼±®·ô Ùòô ïçççò
Ì®¿²­º±®³·²¹ ¹®±©¬¸ º¿½¬±® ¾»¬¿ ¿²¼ ¬«³±® ²»½®±­·­
º¿½¬±® ¿´°¸¿ ·²¸·¾·¬ ¾±¬¸ ¿°±°¬±­·­ ¿²¼ °®±´·º»®¿¬·±²
±º ¿½¬·ª¿¬»¼ ®¿¬ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­ò Ø»°¿¬±´±¹§ íðô
ïçêîðîò
Í½¸«¹ô Öòô îððíò Ë­·²¹ ÌÛÍÍ ¬± °®»¼·½¬ ¬®¿²­½®·°¬·±² º¿½¬±®
¾·²¼·²¹ ­·¬»­ ·² ÜÒß ­»¯«»²½»ò ×²æ Þ¿¨»ª¿²·­ô ßòÜò øÛ¼ò÷ô
Ý«®®»²¬ Ð®±¬±½±´­ ·² Þ·±·²º±®³¿¬·½­ò Ö±¸² É·´»§ ¿²¼ Í±²­ô
Ò»© Ç±®µ Ë²·¬ îòê øÝ¸¿°¬»® î÷ò
Í»¹®»¬¿·²ô Üòô Ú¿´µô ÓòÓòô îððìò Î»¹«´¿¬·±² ±º ½±²²»¨·²
¾·±­§²¬¸»­·­ô ¿­­»³¾´§ô ¹¿° ¶«²½¬·±² º±®³¿¬·±²ô ¿²¼ ®»ó
³±ª¿´ò Þ·±½¸·³ò Þ·±°¸§­ò ß½¬¿ ïêêîô íîïò
Í¸»²ô Øòô Ø«¿²¹ô ÙòÖòô Ù±²¹ô ÇòÉòô îððíò Ûºº»½¬ ±º
¬®¿²­º±®³·²¹ ¹®±©¬¸ º¿½¬±® ¾»¬¿ ¿²¼ ¾±²» ³±®°¸±ó
¹»²»¬·½ °®±¬»·²­ ±² ®¿¬ ¸»°¿¬·½ ­¬»´´¿¬» ½»´´ °®±´·º»®¿¬·±²
¿²¼ ¬®¿²­ó¼·ºº»®»²¬·¿¬·±²ò É±®´¼ Öò Ù¿­¬®±»²¬»®±´ò çô
éèìéèéò
Í±´¿²ô ÖòÔòô Ô¿³°»ô ÐòÜòô îððëò Ý±²²»¨·² °¸±­°¸±®§´¿¬·±² ¿­
¿ ®»¹«´¿¬±®§ »ª»²¬ ´·²µ»¼ ¬± ¹¿° ¶«²½¬·±² ½¸¿²²»´ ¿­­»³¾´§ò
Þ·±½¸·³ò Þ·±°¸§­ò ß½¬¿ ïéïïô ïëìïêíò
Ê»®®»½½¸·¿ô Úòô Ó¿«ª·»´ô ßòô îððéò Ì®¿²­º±®³·²¹ ¹®±©¬¸
º¿½¬±®ó¾»¬¿ ¿²¼ ¾®±­·­ò É±®´¼ Öò Ù¿­¬®±»²¬»®±´ò ïíô
íðëêíðêîò
É»·­µ·®½¸»²ô Îòô Ù®»­­²»®ô ßòÓòô îððëò ×­±´¿¬·±² ¿²¼ ½«´ó
¬«®» ±º ¸»°¿¬·½ ­¬»´´¿¬» ½»´´­ò Ó»¬¸±¼­ Ó±´ò Ó»¼ò ïïéô
ççïïíò
É§¿¬¬ô ÔòÛòô Ý¸«²¹ô ÝòÇòô Ý¿®´­»²ô Þòô ×·¼¿óÕ´»·²ô ßòô Î«¼µ·²ô
ÙòØòô ×­¸·¼¿ô Õòô Ç¿³¿¹«½¸·ô ÜòÌòô Ó·´´»®ô Ìòßòô îððïò
Þ±²» ³±®°¸±¹»²»¬·½ °®±¬»·²óî øÞÓÐóî÷ ¿²¼ ¬®¿²­º±®³·²¹
¹®±©¬¸ º¿½¬±®ó¾»¬¿ï øÌÙÚó¾»¬¿ï÷ ¿´¬»® ½±²²»¨·² ìí °¸±­ó
°¸±®§´¿¬·±² ·² ÓÝíÌíóÛï ½»´´­ò ÞÓÝ Ý»´´ Þ·±´ò îô ïìò
ßÎÌ×ÝÔÛ ×Ò ÐÎÛÍÍ
ÓòÝòÝò Ô·³ »¬ ¿´ò ñ Û«®±°»¿² Ö±«®²¿´ ±º Ý»´´ Þ·±´±¹§ èè øîððç÷ éïçéíðéíð
